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ABSTRACT 


The filarioid nematode of moose (Alces alces Linnaeus) known as 
“legworm' and their possible vector, the adult black fly (Simuliidae), 
were studied in the Swan Hills, Alberta from 1975 to 1977. Legworms 
recovered from the subcutaneous connective tissue of hunter-killed and 
live-trapped moose were identified as Onchocerca cervipedis Wehr and 
Dikmans, 1935. Sixty-four percent of the moose examined were infected 
with adult legworms of whicn 80.0% were located in the forelimbs and 
20.0% in the hind timbs. There was a linear increase in number of 
adult legworms with increasing age of moose. Immature moose (<1.5 
years) were not infected. Onchocerca cervipedis microfilariae were 
present in the skin of the fore and hind limbs of live trapped and 
hunter-killed moose during June and July only. 

The adult populations of twenty-one black fly species were 
monitored from muskeg and deciduous-coniferous forest communities in 
1976 using modified malaise traps, carbon dioxide-baited barrel traps 
and insect sweep nets. Adults of Simulium venustum were most abundant; 
followed by S. decorum, S. pugetense, S. arcticum, S. latipes, S. 
meridionale, S. euryadminiculum and S. furculatum. 

New Alberta records are reported for Simulium jenningsi and S. 
euryadminiculum. 

Adults of 14 black fly species were collected from live trapped 
moose and a penned moose. Individuals of S. decorum, S. venustum, 


S. vittatum, S. arcticum, S. aureum and Prosimulium formosum took 
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blood meals. Onchocerca cervipedis microfilariae were found in the 
blood meals of only S. decorum and S. venustum incriminating these 


Species as possible vectors of moose legworm. 
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I. INTRODUCTION 


The filarioid nematode Onchocerca cervipedis Wehr and Dikmans, 
1935 (Nematoda, Onchocercidae). a parasite of North America cervids. was 
investigated in moose (Alces alces Linnaeus) from the Swan Hills, 
Alberta during 1975-1977. Concern expressed by Alberta Government 
wildlife biologists, that hematophagous flies (Diptera) would be a 
major consideration in successfully developing wild ungulate farming in 
Subagricultural areas of Alberta, stimulated this research. No infor- 
mation was available on biting flies attracted to or blood feeding 
on wild ungulates in Alberta and little was known about the biting 
flies inhabiting non-agricultural areas. Qnchocerca cervipedis which 
is widely distributed in moose throughout their western and northern 
ranges in Alberta has received little attention aside from occurrence 
records and a study by Samuel et al. (1976), In California the black 
fly (Simuliidae) Prosimulium impostor Peterson has been incriminated 
in vectoring 0. cervipedis in Columbian black-tailed deer, Odocoileus 
hemionus columbianus (Richardson) (Weinmann et al., 1973). The 
possibility of biting flies vectoring 0. cervipedis in moose 
provided an opportunity to study both parasite and biting flies 
affecting moose in Alberta. 

Basic criteria for incriminating an arthropod in transmission of 
causal agents of disease are: 1) demonstration of effective contact 
with the host under natural conditions; 2) a temporal and spatial 


association of suspected arthropod species and occurrence of infection 
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in host; 3) repeated demonstration that the arthropod harbours the 
infectious agent in the infective stage under natural conditions and 
4) demonstrate transmission of agent under controlled conditions 
(Barnett, 1960 in James and Harwood, 1971). 

The objective of this study was to provide a more comprehensive 
understanding of host-vector-parasite relationship of the legworm, 
Q. cervipedis, in moose of central Alberta by following the above 
criteria. Specific goals were to: 1) confirm the identification of 
Q. cervipedis, (Samuel et al., 1976) in Alberta moose; 2) determine 
the prevalence (proportion of the population infected) of legworm in 
relation to host age and sex; 3) determine temporal and spatial 
distribution of microfilariae in moose; 4) determine seasonal occur- 
rence of adult black flies in the Swan Hills, north central Alberta; 
5) determine the identity of adult black flies blood feeding on moose 
in the Swan Hills and 6) identify possible black flies vector(s) of 
Or Cer vial pedis. 

Many species of hematophagous flies were collected from moose at 
the study site in the Swan Hills, but since Weinmann et al. (1973) 
incriminated only P. impostor in vectoring 0. cervipedis in Columbian 


black-tailed deer, only black flies were considered in this study. 
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IIT. LITERATURE REVIEW 


A, Taxonomy of Legworm 

The first North American report of legworm in cervids was by 
Hassall in 1893 who identified Onchocerca flexuosa (Wed]l, 1856), 
a parasite of European cervids, from a deer (probably a Columbian 
black-tailed deer, Odocoileus hemionus columbianus) in a zoo (Dikmans, 
1933). Wehr and Dikmans (1935) described 0. cervipedis based on 
Specimens in white-tailed deer, Odocoileus virginianus (Zimmermann) , 
from Montana and Gambier Island, British Columbia. They distinguished 
it from Q. flexuosa mainly on the basis of spicule measurements, 
absence of caudal alae and on number of papillae in the male. Later, 
Caballero (1945) proposed the new generic name Wehrdikmansia for the 
Species, primarily on the basis of absence of annular thickenings on 
the cuticle. Recently, Bain and Schulz-Key (1974) showed a continuum 
from smooth cuticle to annular ridges among species in QOnchocerca, and 


relegated Wehrdikmansia to a synonym of Onchocerca Diesing, 1841. 


B. Legworm Hosts and Geographic Distribution 

The restricted geographic distribution intimated in early work 
with legworm (Rush, 1935) and the limited number of definitive hosts 
(Herman, 1945) has not been upheld. Legworm now has been reported in 
white-tailed deer from Arizona (Hibler, 1965), Idaho (DeNio and West, 
1942), Montana (Rush, 1935), Pennsylvania (Beaudoin et al., 1970) and 


British Columbia (Wehr and Dikmans, 1935); in Rocky Mountain mule deer 
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(Odocoileus hemionus hemionus (Rafinesque) from Arizona (Hibler, 
1965), California (Annereaux, 1941; Herman and Bischoff, 1946), Idaho 
(DeNio and West, 1942), Utah (Yuill et al., 1961) and British Columbia 
(Cowan, 1946) in California mule deer (Odocoileus hemionus californicus 
Caton) from California (Herman and Bischoff, 1946); in Columbian black- 
tailed deer from California (Herman and Bischoff, 1946; Weinmann et al., 
1973), Washington (Yuill et al., 1961; Brown, 1961) and British Columbia 
(Wehr and Dikmans, 1935; Cowan, 1946); in pronghorn antelope (Antilocapra 
americana (Ord.)) from Idaho (Dikmans, 1933); and in wapiti (Cervus 
elaphus (Linnaeus)) in Idaho (deNio and West, 1942). 

The first record of legworm in moose (Alces alces) was from Qotsa 
Lake, British Columbia (Hatter, 1946 in Cowan, 1951). Since then leg- 
~ worm in moose has been reported from Wells Grey Provincial Park, British 
Columbia (Ritcey and Edwards, 1958), Alaska (Williams, 1958), Ontario 


(Anderson, 1962) and Alberta (Samuel et al., 1976). 


Ge Legworm Pathogenicity 

DeNio and West (1942) suggested that the initial stimulus for 
research on 0. cervipedis seemed to have been the possible damaging 
effects of the parasite on cervids. Rush (1935) following reports by 
Montana hunters that local white-tailed deer had foot rot 
Spherophorus necrophorus Prevot, found legworms only during examination 
of two deer. Those infected with legworm had loose or missing 2nd 
and 5th digits with swelling and ulcers in the toe area. Annereaux 
(1941) and Herman (1945) felt that legworm infections could cause 
lameness and mortality in deer. Herman and Bischoff (1946) and Herman 


(1947) attributed open skin lesions in the lower limbs of deer to this 
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parasite, but saw no visible evidence of any other harmful effects. 
More recent literature (Cowan, 1951; Ritcey and Edwards, 1958; Yuill 
et al., 1961; Anderson, 1962 and Weinmann et al., 1973) have not found 
symptoms such as reported in earlier literature. Weinmann et al. 
(1973) suggested that nodular development and associated lesions may 
be indicative of a less than optimal host-parasite relationship. The 
actual or potential harm of 0. cervipedis for their host is uncertain 
and has remained unstudied. 

The pathology of filarial infections was reviewed by Nelson (1966). 
Damage is usually caused by chronic inflammatory reactions around dead 
and dying worms, but may be influenced by the number of worms harboured 
by the host, parasite longevity, immune response of the host, the strain 
of the parasite and the strain and sex of the host. Wild and domestic 
animals rarely show severe complications in filariasis, perhaps due to 
shorter life-expectancy of the host (Nelson, 1966), whereas in Kenya, 

11 years after the eradication of the vector of Onchocerca volvulus 
(Leuckart 1893) in 1946, more than 50.0% of the human populus in the 
"Valley of the Blind" had microfilariae in their blood and many had 
progressive onchocercal dermatitis and eye disease (Nelson and Grounds, 
1956 in Nelson 1966). However, Nelson (1966) reported on experimental 
studies by MacDonald and Scott (1953, 1958); Bertram (1953, 1958, 1959); 
Scott et al. (1958) and Ramakrishnan et al. (1961) on Litomosoides 
carinii (Travassos, 1919) and by Duke (1960a) on Loa loa Cobbold in 
monkeys which indicate that animals can develop an immunity to these 
parasites. An immune response may result in a reduction in the worm 
burden, as shown in dogs infected with Dirofilaria immitis (Leidy, 


1856) (Wong, 1964; Hawking, 1965 in Nelson 1966). 
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Different strains of Q. volvulus in Africa and Central America 
may account for clinical differences observed but differences in patho- 
genicity are usually thought due to differences in biting habits of 
the vectors (Brumpt, 1936 in Nelson 1966). In Samoa, Wuchereria 
brancrofti (Cobbold) was more pathogenic in Caucasians than in non- 
caucasians (Webster, 1946 in Nelson 1966) an indication that different 
strains of host could influence pathogenicity of filarial infections. 
Higher densities of 0. volvulus have been observed in human males than 


females indicating a host-sex preference (Nelson, 1958b). 


Bi Adult Legworm Distribution in Host 

Adult legworms preferentially inhabit subcutaneous connective 
tissue of lower limbs around the tibio-tarsal joints (Rush, 1935; 
Herman, 1945; Annereaux, 1941; Herman and Bischoff, 1946; Cowan, 1951; 
Ritcey and Edwards, 1958; Anderson, 1962; Anderson and Lankester, 1974; 
Samuel et al., 1976), although they have been reported elsewhere in 
the host body particularly when legworms are numerous. In Columbian 
black-tailed deer, legworms were found in the intermuscular and subcu- 
taneous tissues in the sides and back (Cowan, 1946), and in the back 
of the neck and the base of the ears (Herman, 1947). In moose (Ritcey 
and Edwards, 1958) and mule deer (Yuill et al., 1961), legworms were 
observed subcutaneously in the brisket and limbs. JHibler (1965) 
recovered 15 female and seven male worms from the base of the conchal 
cartilage of a white-tailed deer ear. Since male worms were abundant 
at the base of ears and rare elsewhere in the host, he felt this was 
preferred legworm location. Weinmann et al. (1973) found legworms 


most commonly in the limbs, but also in the shoulder, flank, belly and 
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brisket of Columbian black-tailed deer. 

Depending on host and geographic location, adult legworms seem 
to exhibit a preference for either the fore or hind limbs. Preference 
for the hind limbs has been reported in Columbian black-tailed deer 
from British Columbia (Cowan, 1951) and California (Weinmann et al., 
1973), and in moose from Algonquin Provincial Park, Ontario (Anderson, 
1962). Samuel et al. (1976) found that 83.0% of the legworm in 33 
infected moose from Alberta were in the fore limbs. Brown (1961) also 
found legworms more abundant in fore limbs than hind limbs of Columbian 
black-tailed deer from Washington, but Herman and Bischoff (1946) found 
no preference of legworm for either hind or fore limbs in Columbian 


black-tailed deer and mule deer from California. 


ES Adult Legworm Condition in Host 

In the subcutaneous connective tissue of their host, adult 
legworms are found in extended and coiled positions, with coiled worms 
sometimes encysted in fibrous tissue to form a nodule (Rush, 1935; 
Herman and Bischoff, 1946; Cowan, 1951). Wehr and Dikmans (1935) and 
Rush (1935) indicated that mature legworms coil and stimulate the 
formation of fibrouscysts after mating. This agrees closely with the 
findings by Schulz-Key (1975a) on 0. flexuosa development in red deer 
(Cervus elaphus) from Germany where immature female legworms induced 
development of the nodule in red deer fawns (4-6 months old). Male 
legworms entered the nodule, which contained 1 to 4 females, and mated 
with the female legworms. As development of eggs occurred the female 
thickened and curled, leaving only the anterior extremity protruding 


from the nodule to release microfilariae (Schulz-Key, 1975a). 
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ie Prevalence of Adult Legworm 

While no host-sex preference has been demonstrated by 0. cervi- 
pedis (Yuill et al., 1961; Weinmann et al., 1973), there is a relation- 
ship between the number of legworms and the age of the host. Deer 
fawns and moose calves were not commonly infected (Herman and Bischoff, 
1946; Ritcey and Edwards, 1958; Yuill et al., 1961; Beaudoin et al., 
1970; Weinmann et al., 1973; Samuel et al., 1976). 

Beaudoin et al. (1970) reported a prevalence of 5.6% of 0. cervi- 
pedis in white-tailed deer fawns from Pennsylvania, 28.0% in deer 1 to 3 
years of age and 62.5% in deer over 3 years of age. Weinmann et al. 
(1973) noted a similar increase in the prevalence of legworm in 
Columbian black-tailed deer of California (fawns 7.1%, deer 1-3 years 
62.9%, 3+ years old 86.5%) as did Samuel et al. (1976) for moose(calves 
11.0%, moose over 16 months of age, 73.0%). This increase was not 
linear (Weinmann et al., 1973) and may be influenced by age composition 


and density of the definitive host (Beaudoin et al., 1970). 


G. Adult Legworm Sex Ratio 

Male legworms are rarely encountered. A sex ratio of ].7:100 
male:female has been reported in Columbian black-tailed deer, Cali- 
fornia and Rocky Mountain mule deer, by Herman and Bischoff (1946) 
and a 3.3:100 ratio in Columbian black-tailed deer by Weinmann et al. 


(1973). Herman and Bischoff (1946) suggested that males inhabited 


areas in the host above the tibio-tarsal joints that were not examined. 
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He Legworm Microfilariae Distribution in Host 

Rush (1935) suggested that lesions created in the skin of the 
host by the female legworms were a means of releasing the eggs or 
microfilariae, and that they were probably transmitted to the aquatic 
immature stages of "flies or mosquitoes". Herman and Bischoff (1946) 
examined blood, lymph and skin scrapings of Columbian black-tailed 
deer and California and Rocky Mountain mule deer in search of micro- 
filariae with no positive results. Little more was learned about the 
microfilariae until Anderson (1962) suggested that since "Wehrdikmansia 
has close affinity to Onchocerca", microfilariae were in the host skin, 
and were likely to be transmitted by black flies or ceratopogonid adults. 
He felt that soaking skin tissue samples in saline solution would reveal 
microfilariae. Hibler (1965) examined blood, skin, heart and lung 
tissues of Arizona white-tailed deer and mule deer in search of micro- 
filariae, but recovered them only from skin samples in close association 
with the adult legworm in the ears. 

Weinmann (1973) found microfilariae of 0. cervipedis only in ear 
of Columbian black-tailed deer even though adults were only in the 
legs. This appears to be an adaptation for encountering vectors which 
prefer to feed on certain areas of the host (Weinmann et al., 1973). 
The localization of microfilariae in the skin of the host in a place 
distant from the adult legworm has been reported in other members of 
Onchocerca. Schulz-Key (1975) reported a complex of subcutaneous 
filarioids in red deer from Germany. Adults of 0. flexuosa inhabited 
the back and flanks of the host while microfilariae localized in the 
skin of the inner aspect of the hind limbs; Onchocerca tarsicola Bain 


and Schulz-Key, 1974, were located on the abductor tendons of the 
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tibio-tarsal or radio-carpal joints while the microfilariae localized 
in the skin of the outer parts of the ear and nose; and Onchocerca 
tubingensis Bain and Schulz-Key, 1974 were found in the caudal part 

of the back with the microfilariae concentrating around the sternum 

and the inner aspect of hind legs. Adult Onchocerca gutturosa (Newman, 
1910) live in the cervical ligaments of cattle from England, while the 
microfilariae concentrate in the skin of the umbilicus region (Eichler 
and Nelson, 1971; Eichler, 1971). The umbilicus region is the 
preferred blood feeding site of the vector, Simulium ornatum (Meigen, 


1818) (bichler.a197)). 


Ne Periodicity of Microfilariae in Host 

Weinmann (1973) reported seasonal periodicity of 0. cervipedis 
microfilariae in Columbian black-tailed deer from California. Monthly 
Skin biopsies taken from the ear of deer showed microfilariae were 
abundant during the spring and summer. An examination of female 
Q. cervipedis revealed a high proportion were gravid between late 
January and April, but sparse in July and absent during the fall and 
early winter. Seasonal periodicity of 0. gutturosa microfilariae in 
cattle from England has been shown by Eichler (1971, 1973) with numbers 
of microfilariae increasing from May to August and coinciding with 
seasonal activity of the vector, adult S. ornatum. Sasaki et al. 
(1954 in Nelson, 1970) has also demonstrated seasonal periodicity of 
Onchocerca cervicalis Railliet and Henry, microfilariae in the 
Skin of horses. Diel periodicity of 0. volvulus microfilariae in the 
skin of humans has been demonstrated by Lartigue (1967 in Nelson, 1970) 


in West Africa, by Wegesa (1966a in Nelson, 1970) in East Africa and in 
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The “Camerons" by Duke et al. (1967 in Nelson, 1970). 


is Microfilariae in Vector 

Members of the genus Onchocerca require ingestion by a suitable 
vector species before development proceeds beyond the microfilarial 
stage. Weinmann (1973) has incriminated the female black fly, 
Prosimulium impostor Peterson, in vectoring 0. cervipedis to Columbian 
black-tailed deer in California, but nothing is known about this para- 
site in the vector. However,the microfilariae of 0. volvulus (Lewis, 
1950; 1953b in Nelson, 1970) and 0. gutturosa (Eichler, 1973) following 
ingestion by their vector, penetrate the gut and migrate through the 
hemocoel to the flight muscles where development continues. The average 
migration time of Q. gutturosa microfilariae to the flight muscles of 
S. ornatum was six hours, with25.0%0f the microfilariae moving from the 
gut within one hour (Eichler, 1973). Two molts occur before Onchocerca 
larvae reach the infective stage. In 0. volvulus the infective stage 
is reached 6 to 7 days following ingestion of the microfilariae and 
this is temperature dependent (Nelson and Pester, 1962; Wegesa, 1966b 
in Nelson, 1970). 

The number of microfilariae ingested by the vector varies with 
the vector species (Strong et al., 1934 in Nelson, 1970) and is 
dependent on the time the vector spends feeding (Wegesa, 1966b in Nelson, 
1970). Not all microfilariae ingested are successful in developing to 
the infective stage as mechanisms in the vector regulate the number of 
microfilariae. In Simulium damnosum Theobald, 1903 less than 50.0% of 
the 0. volvulus microfilariae ingested develop to the infective stage 


(Lewis and Duke, 1964 in Nelson, 1970). Omar and Garns (1975) showed 
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the buccopharyngeal armature to be an important mechanism in regulating 
numbers of Q. volvulus microfilariae reaching the gut in Simulium 
ochraceum Walker. The cibarial teeth damage the microfilariae enroute 
to the gut. The peritrophic membrane is another regulating mechanism 
and early penetration of the gut wall by the microfilariae before the 
membrane thickens and hardens is thought to be important for survival 
of 0. volvulus in S. damnosum (Lawrence, 1966 in Nelson, 1970) and 

QO. gutturosa in S. ornatum (Eichler, 1973). However, in seven nearctic 
adult black fly species studied by Yang and Davies (1977) the peri- 
trophic membrane formed in 30 minutes but required several hours (6 

to 12 hours) to harden. Slower hardening of the peritrophic membrane 
around the anterior of the blood bolus may provide an opportunity 

for parasites in the blood meal to escape the peritrophic membrane 
(Yang and Davies, 1977). Coagulation of the blood meal and age of 
microfilariae may also be involved in regulating the numbers of micro- 


filariae successfully penetrating the gut (Erichler, 1973). 


K. Black Flies as Vectors 
Knowledge of the role of insects in the transmission of pathogens 


to man and other animals had its beginning in 1878 when Manson 


discovered W. bancrofti larvae in a mosquito. Members of 


the Family Simuliidae are instrumental in transmission of pathogens 

of medical and veterinary importance to man, his domestic animals and 
wild animals. Reviews by Griener et al. (1975) and Fredeen (1977) 
Summarize pathogens transmitted by black flies in North America. Fallis 
(1964 in Fredeen, 1977) and Anderson et al. (1961 in Fredeen, 1977) 


reported Eastern Equine Encephalitis virus in Simulium johannseni 
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Hart, 1912 and Simulium venustum Say, while the virus causing myxoma- 
tosis in rabbits has been experimentally transmitted by black flies 
(Fredeen, 1977). As vectors of avian hematozoa, simuliids transmit 
trypanosomes (Bennett, 1961 in Griener et al., 1975) and leucocytozoons 
(Bennett and Fallis, 1966 in Griener et al., 1975; Skidmore, 1932 in 
James and Harwood, 1971). 

The black fly vector species of 0. volvulus may vary from one 
geographic area to another. In Africa the main vectors are adults of 
S. damnosum, however, in East Africa the primary vector is Simulium 
neavei Roubaud (Raybould, 1967 in Nelson, 1970). Adults of Simulium 
callidum Dyar and Shannon, Simulium metallium Bellardi and S. ochraceum 
have been incriminated as vectors of 0. volvulus in Central and South 
America (Dalmat, 1955 in Nelson, 1970). Simulium orchraceum is the 
primary vector in Guatemala (Deleon and Duke, 1966), while S. metallicum 
is probably the main vector in Venezuela (Arends, 1966 and others in 
Nelson, 1970). A given vector species may have sibling species with 
Slightly different characteristics which could influence their potential 
as effective vectors (Lewis 1960a, 1965; MaCrae, 1968 and others in 


Nelson, 1970). 


iS Black Fly Research in Alberta 

Black fly research in Alberta, aside from major taxonomic works, 
has been restricted primarily to species occurrence (Strickland, 1938; 
1946) with emphasis on agricultural and south Rocky Mountain forest 
areas (Fredeen, 1958; 1969; Fredeen and Shemanchuk, 1960; Abdelnur, 
1968; Depner, 1971; Peterson and Depner, 1972). Barr (1977) included 


44 species of black flies in a list of Nematocera of Alberta based on a 
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literature review. 


M. Black Flies Affecting Moose 

Records of black fly adults that feed on the blood of moose are 
rare even though these cervids are bothered by biting flies (Murie, 
1934; Peterson, 1955; Flook, 1959). No records of black fly adults 
blood feeding on moose have been reported in Alberta; however, 
S. venustum and Simulium pictipes Hagen were collected from moose in 
Minnesota (Olsen and Fenstermacher, 1942; Nickolson and Mickel, 1950) 
and Flook (1959) in Northwest Territories collected Simulium luggeri 
Nickolson and Mickel and Simulium malyschevi Dorogostajskij, Rubzov 


and Wasenko from an area a moose had just left. 
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re LUO SITE 


The study site is located in a 600 square kilometre study area 
of the Alberta Fish and Wildlife Division in the eastern fringe of 
the Swan Hills (Figure 1}. The area is 157 kilometres northwest of 
Edmonton, Alberta, Canada (54° 46" N 115° 5! W) and is part of the 
Athabasca River Drainage Basin. 

The climate is continental and characterized by cold winters and 
short, cool summers. The average January temperature is -15.0°C and the 
average July temperature is 15.6°C (Langley, 1967). The western Swan 
Hills receives about 15-20 centimetres of precipitation more than 
adjacent areas per annum, with an average May-September precipitation 
of about 51 centimetres (Anonymous. 1976). Weather records were main- 
tained at the study site for the 1976-1977 field seasons (Appendices 1 
and 2). 

The Swan Hills are underlain by sandstone, shales and coals of 
Cretaceous age; and by hardened clays, sandstone, shales and quartzite 
gravels from tne Tertiary period. The grey wooded soils overlying the 
parent material are susceptible to leaching, resulting in deficiencies 
in nitrogen, phosphorus and organic material (Green and Laycock, 1967). 
Tne well drained upland soils are primarily orthic grey luvisols, while 
the poorly drained lowland soils are gleysols (Anonymous, 1976). 

The study site was in the lower Foothills Section of the Swan 
Hills which is a transition zone between the Transcontinental Boreal 


Forest and the Rocky Mountain Subalpine Forest (Cordilleran). The 
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flora shows characteristic species from both biomes with species such 
as lodgepole pine (Pinus contorta Douglas), Englemann spruce (Picea 
engelmanni Parry), and subalpine fir (Abies lasiocarpa (Hooker) Nuttal) 
of the Cordilleran region and white spruce (Picea glauca (Moench) Voss), 
balsam fir (Abies balsamea (L.) Miller), black spruce (Picea mariana 
(Miller) Britton, Sterns, Poggenburg) and jack pine (Pinus banksiana 
Lambert) of the Boreal Forest (Anonymous, 1976). The moose population 
in the Alberta Fish and Wildlife Division study area, based on an aerial 
census in December, 1977, was 1.8 moose per square kilometre (Lajeunese 
pers. commun., 1978). Wild moose were live trapped by the Alberta Fish 
and Wildlife biologists between the corner cabin (54° 46' N 11525") 
and Roche Lake (54° 45' nN 114° 55'). Nine moose traps were located 
along game trails to mineral licks (Figure 1). A penned moose was 
maintained at the corner cabin site (Figure 2). Several small streams 
in the study area provided suitable aquatic habitats for the immature 
black flies (Figure 1). Ethel Creek, Windy Creek and an unnamed 
stream flowing out of Roche Lake had lake origins and were permanent 
in nature, while two unnamed creeks, the Coutts River and the Saulteaux 
River had muskeg origins. The Athabasca River is the major lotic 
system in the immediate area being about 29 kilometres east of Roche 
Lake. | 

Black fly species were monitored from a muskeg (Figure 3) and 
mixed deciduous-coniferous forest community (Figure 4) adjacent to the 


corner cabin. The trapping sites are shown on Figure 2. 
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Figure 2. Location, of Black Fly Sample Sites. 
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Figure 3. Muskeg Community Black Fly Sampling Area in Swan Hills. 


Figure 4. Forest Community Black Fly Sampling Area in Swan Hills. 
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IV. TAXONOMY OF PARASITE 


A. Materials and Methods 


Onchocerca cervinedis specimens collected from nine wild moose and 


te 


preserved in 70% ethanol were used for identification. Seven males, 
10 females and 16 microfilariae were cleared by gradually adding 
glycerol to the sample and permitting the alcohol to evaporate over a 
five to seven day pericd. Specimens were then mounted in beechwood 
creosote and lactopnenoi (1:1) and examined at 128 power with a 
binocular compound microscope (Carl Zeiss, Ortholux). Measurements of 
all characters were made with a calibrated ocular graticule, except 
for the total length of female specimens which was determined using a 
metric ruler. Specimens were identified following descriptions of 
Wehr and Dikmans (1935), Annereaux (1941) and Caballero (1945) for 
adult Q. cervipedis and that of Hibler (1965) for microfilaria. Raw 


Gata are given in Appendices 3, 4 and 5. 


B. Results 

1. Descraption of Adult 

Adults show characteristics of members of the genus Qnchocerca, 
and are filiform and tapered at both ends (Figure 5); with fine 
transverse striations on cuticle; pronounced swelling at the nerve 
ring (Figure 6); oral opening simple, esophagus long and narrow, 
intestine only slightly wider. 

Measurements of diagnostic characters are given for female and 


male worms in Tabie I and II (raw data see Appendices 3 and 4), where 
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Male and Female Onchocerca cervipedis: f - female, m - male. 


Anterior Extremity of Female Onchocerca cervipedis, dorsal 
view: @ - esophagus, nr - nerve ring. 


Vulva Region of Female Onchocerca cervipedis, doral view: 
ji - intestine, v - vulva. 


Posterior Extremity of Female Onchocerca cervipedis: 
Gr= anus: 


Posterior Extremity of Male Onchocerca cervipedis, lateral 
view: ap - anal papillae, cp - caudal EGRESS 
Is - long spicule, ss - short spicule. 


Anal Region of Male Onchocerca cervipedis, lateral view; 
ap - anal papillae, pap - post anal papillae. 


Microfilaria of Onchocerca cervipedis. 
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they are compared to similar measurements given by Wehr and Dikmans 
(1935), Annereaux (1941) and Caballero (1945). 
a. Females 
Females 186.8 mm long, maximum width 3°9 um. (Table I). 
Nerve ring 579 um. from the anterior extremity (Figure 6). 


Esophagus 1658 ym. long. Vulva located near junction of 


esophagus and intestine, 1675 um. from anterior extremity (Figure 


7). Cloaca 537 um. from posterior extremity (Figure 8). 
b. Males 


Males 57 mm long (Table II). Width at dilation 224 um, 


maximum mid-body width 232 um. Nerve ring located 306 um. from 


anterior extremity. Esophagus 1.46 mm long. Spicules unequal 
dissimilar (Figure 9). Long spicule 226 um long, witn neavily 


chitinized walls and diagonal chitinized ridge in middle. [In 


and 


lateral view tapered distally to a fine curved point (Figure 9). 


Short spicule 136 um. long, with thick chitinized walls. Anterior 


extremity concave with heavy chitinized edges in lateral view. 


Snort spicule tapered distally and expanded to spatulate end with 


rounded edces. Papillaeé apparent in oblique iateral-ventrai view. 


TWO pair oT adanai papillae along ventral mid line. Four pair 


OT 


papillae in close grouping lateral to anus, and cGne pair posterior 


(Figure 10). One large pair of papillae positioned near tip of 


tail (Figure 9). Tail 1817 um. long. 


es Description of Microfiliariae 


Microfilariae, like the adults,are filiform and transversely 


Striated (Figure 11). Rounded anteriorly and tapered posteriorly. 
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Sheath apparent. Microfilaria 270 um. long and 7 um. at maximum width. 
Measurements of microfilariae diagnostic characters are in Table III 
(raw data see Appendix 5), where they are compared to similar measure- 


ments given by Hibler (1965). 


3. Diagnosis 

The legworm of moose from the Swan Hills agree in most essential 
characters with those described for 0. cervipedis by Wehr and Dikmans 
(1935), Annereaux (1941), Caballero (1945), and Hibler (1965). The 
adult legworm characters agree in total length, maximum width, distance 
of esophagus to anterior extremity and distance from anus and cloaca to 
posterior extremity. The distance from the nerve ring to anterior 
extremity and the long spicule length in male legworm in this study 
also are in agreement with data reported in other studies, as is the 
maximum width of the microfilaria (Tables I, II and III). Discrepan- 
cies are as follows: in the distance of the nerve ring to the anterior 
extremity in the female legworm, that is 1675 micrometers in this 
Study compared to 1129 micrometers in specimens from mule deer 
(Annereaux, 1941) (Table I), the longer short spicule length in the 
male (137 um. this study to 132 um. Caballero (1945)) (Table II) and 


the longer microfilaria (270 um. this study to 224 yum.). 
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PABEE it 
MEASUREMENTS OF SOME DIAGNOSTIC CHARACTERISTICS OF 
MICROFILARIAE OF ONCHOCERCA CERVIPEDIS 


This Study Hibler (1965) 
n = 16 n = 20 
host = Alces alces andersoni host = Odocoileus hemionus 
Q. virginianus 
Diagnostic Meanie 1620: Range Mean Range 


Character 


Total length 
(um. ) 21.0 sO a0 224-322 224 =209-238 


Max. width 
(um. ) 6.6 D6 5.8-7.3 6 5- 7 
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V. ADULT ONCHOCERCA CERVIPEDIS IN MOOSE 


A. Materials and Method 

Two collecting methods were used to determine prevalence of 
Q. cervipedis in moose of the Swan Hills and its distribution in this 
host in relation to host age and sex. 

Firstly, a hunter check station was operated for 57 hunting days 
from September 20 to November 15, 1975, in cooperation with Alberta 
Department of Recreation,Parks and Wildlife. It was located 1.5 km. 
south of Fort Assiniboine along Highway 18, the main highway into the 
Study area from the more densely populated areas to the south (Figure 1). 
Signs requesting hunters to report were placed along the highway approxi- 
mately at one km. and at 30 metres before each entrance to the hunter 
check station. 

Hunters were informed verbally of the purpose of the check station 
and were provided with a form letter outlining the purpose and parts of 
the moose requested (Appendix 6). They were asked to submit all four 
legs below the tibio-tarsal joint, and the head and hide of any big game 
animal taken. Rarely were submissions complete (n=1). All or some legs 
(n=42) and lower jaw (n=17) were most commonly submitted, but the head 
(n=12) and hide (n=1) were usually left at the kill site or kept by the 
hunter. However, portions of a total of 43 moose were submitted by 
nunters. 

secondly, I was notified by the Fish and Wildlife Division of the 


location of moose killed in tagging operations (n=2). These were field 


Oe 
haat 


erny nt porsudtteh 237 bong Bw 

rte ae be bine comaiebeis 6s motoaten a 3 rz oft 
2vAb Ore Tea ot batsrego zew nofjes? Aver jou alien i? 
stadt dg hw no fas¥ooous at javer Sh ggdmevon oy 0s “yodmo3qa@ 1 
wre ft, basso zew ot a PAT bas 4. notass1o5F % hiaade 


oft ofnt vewdpth famtarns , BT vsiitipt Hots sntodtnFerk 108 pt <a 
Uf ssupt?) ndvoe sid of 2eev6 betehvqed yiseqeb sion sit nat 69°15: 4 7 
~Fxovdas yswilgin ait enols baosiq stew Jioqs, oF e1sdnud nssigeupsr iad 
agtoud sit 03 sonsisns doses sito%ed esirom OF te brs ind ono te ¥les 
Weinert AQaF a 


notiede Aoetio ane To seoq'tuq att Yo urladvav bearuotat s19W zed nuH: 


— 


sf 


to 228g brs. sean” i) atta pntnt ive 4esiat mot » Wiw bebtvow hae 8 

10? ffs +tmdue of bodes sew yody .(3 x FDNsUGA) bs) 200/pa" szoom aila | 

amép pid vine Yo sbhy brié, (beat oid bes ,intot feetet-otaty 8 wolsd | j 

2pe! smoe yo TSA -(f=n) ere fqno>: anotedtmena’ oro staat rend? = 

seer arid dud) , bedsttindve einomse> 420m sew hese ‘rewol t 

“git yd dqad te ette rhe on Je sist Kawau ei 3 ae 6 (S 
vd bots hate sew se Ob swat 


Ga 


ait to nora ht ahi 
bfort lias veal? AS by 


7 u 
>! uy my 


dressed and transported to the Parasitology laboratory on the 9th Floor 
of the Biological Sciences Building, University of Alberta, for examina- 
tion. 

Each moose was assigned an identification number and information 


about the animal was recorded on standard data sheets (Figure 12). 


Identification labels were attached to each separate part of the specimen. 


The lower jaw was removed, labelled and submitted to Fish and Wildlife 
Division for age determination (n=21), while the remainder of the sample 
was examined in the field or transported to the University of Alberta, 
frozen and stored for later examination. 

The tendons of legs were cut and removed from tarsal bones to 
expose underlying connective tissue. These freshly skinned areas were 
examined for adult 0. cervipedis. Worm location was mapped (Figures 13 
and 14) and the sex and condition of worm noted. Worms were removed 
from the connective tissue using needle point forceps, dissecting needle 
and scalpel, and placed in labelled vials containing 70% ethanol, to be 


stored for identification. A total of 45 moose was examined. 


B. Results 

The forty-five moose examined for adult 0. cervipedis consisted of 
3 complete moose, 42 sets of legs (36 - all 4 legs, 5 - 2 legs, | - one 
leg), 11 heads (17 lower jaws) and one hide. 

Adult 0. cervipedis occurred in 64.0% (29) of the moose examined. 
Twenty-six males and 3 females were infected (details for each moose 
are shown in Appendix 7). This disproportionate host-sex ratio did not 
permit a conclusion on any host-sex preference by the legworm. 


All adult legworms were located in the subcutaneous connective 
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SPECIMEN NUMBER 


Date - 

Time - 

Observer - 

Game Species - Moose Mule Deer 

Sex 

Limbs - 
Fore - | Both 
Hind - ] 

Hide - Yes No 

Head - Yes No 

Tooth - Yes No 


Pate OT Kill - 
Time of kill - 
Location of kill - 


No. of hunters in party - 
SKIN SAMPLES 


Area Ves Ne 


1) Ear 

) Head (area between ears) 

) Nose (distal to nasal bone) 
) Brisket 

) Fore leg (tibia tarsus) 

) Belly (abdominal area) 

) Hind leg (tibia tarsus) 

) Rump 

) Back (lumbar region) 


Figure 12. Moose Data Sheet. 
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(Skinned Side Up) 
— Neck - | 


Shoulder - 10 


Right Foreleg - 9- 


<1 8 


Right — | — Left Hindleg - 6 
Hindleg - 8 Bani 7 
Adult Worm Data Sheet 
Specimen No. 
Date of Observation 
Date of Kill 
Location of Kill 
Game Species Moose Mule Deer Other 
Sex Male Female 
Location of worms No. of worms Sample 
1. Neck 
2 BVLSKEL 
3; ‘Left Foreleg 
4, Thorax 
5. Abdomen 
6. Left Hindleg 
ge ob ack 
8. Right Hindleg 
9. Right Foreleg 
10. Shoulder 


Record approximate location of worms on host. 

Sample, label (Specimen No., location on host) and preserve. 

For Nodules note number of worms per nodule. STORE in alcohol noting 
Specimen no., location on host. 


Nodules Location on host No. /nodule 


Figure 13. Adult Onchocerca cervipedis Location Data Sheet No. 1. 
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Adult Onchocerca cervipedis Location Data Sheet No. 


Figure 14. 
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tissue beneath dik: skin of a leg, except for two legworms located in the 
brisket and belly area of a heavily infected moose (moose number 1, 
Appendix 8). The distribution of adult legworms in the limbs was not 
even. Eighty per cent (475) of adults were found in the lower fore legs 
and 20.0% (118) in the lower hind legs (Figure 15). In these legs, 38.0% 
(223) of the legqworms were located in the tibio-tarsal joint area, 56.0% 
(334) in the tarsus and 6.0% (36) in the phalanges area (Figure 16). In 
the tarsus and phalanges area, 56.0% (207) of the adult legworms were 
adjacent to the bone, while 44.0% (163) were associated with tendons, 
with 33 of these legworms under tendons (details see Appendix 8). 

A moose calf (n=1) and the yearlings (n=2) were not infected, 
while 71.0% (15) of the older moose were infected (Table IV). Abundance 
of adult legworms shows a positive linear relationship to age of moose 
(correlation coefficient r=0. 75) (Figure 17). 

Only 13 of 595 adult 0. cervipedis recovered in this study were 
males giving a sex ratio of 2.2:100. Adult legworms were found in an 
extended or coiled position (Figures 18 and 19). Coiled worms were 
found loose in the subcutaneous connective tissue or surrounded by 
fibrous tissue which forms a nodule. (Figure 19). Calcification was 
apparently not influenced by host age (correlation coefficient r=0.13) 
or abundance of 0. cervipedis (correlation coefficient r=0.01) in the 
host (Table V). Chi-squared analysis showed no statistical significant 
difference, (x2 = 3.45 p<0.05), in the coiled or extended state of leg- 
worms from normal or calcified condition. 

Nodules contained from one to seven legworms (Table VI); most had 


only one. Only one male legworm was ever recovered from a nodule. 


5 hia: Mee fi 
20n ee edt ot) § cgi a Na voter 
2paf evo¥ newol sid att » le acim 
xO.88 .ep3t szent nt (als wD 

£0.92 .a8n5 at heeaen ie ds 
nt itt wipe) £96 ses 
oven suridvyst Stub aie 0: (Ras) 9.88 r a mah ote ond a 
~enobnad Adby boveryoeas pa “fe 099 sithw 190d a I haa 5 
.(8 xPbnseqh 992 of hetab) 'patbined yabnu zorvowpel @ 
betostat ton stow (Sen) apntirsey stipe (f=n). 50 iach AS 
gongbrudA (Nt ai dBT) bedosTat anew ee an? to (epiap.te a zi 
azoom to sp of ie Ea sword ave oc 6 2wote. dimes ube, 7 
(TT etwets) (FX .o=7 inaiat Feo. notte ' 
sew ybus2 2tny wi /bavevegey 2tbsqiviss .0 dubs ih fog utoa 
hs nf bmuvot siew aroun | S1ubA §=.001:5.5 79 oFeay az & tutte ma 
stow mow bal to? AGT baa Sf aarny i) notireay battes-so | | 
vd bebnuormwe Yo suzett euigosnnos cUcsns TIOMR: on} nt 20h | 
> eb hotdeatttotea (Qf sHupta) .afubon 6 emmvot ita tw 5 ett, Fe 
(ef 0-7 goatotttsea pore ps s200 yd inatuia ih sate aT 


a 
& 


\ 
snl 


tnsor¥tinote tsottersase - ‘sat atevlans bs 16upeebAd. 
pal t6 atade bebrietxe "0, © be ten ons nt ,(20 a 
7 anes Of 


ee oe om He : 
be Sz0m ; ‘(ivestasr} "e of never « mont are i peptubom 


ve 


"asOoWy UL SLPAdLAdad eIVdD0YIUD LNpy Jo UOLINGLUISIG 


OC 


ae ee ee ee ee? ee ee 


"Gt aunbl4 


12 jy goore: 


pbaqy: 


EAM fa> Hteckipmgron Oo, yas DGOEELCH Cera) 


ee 


2 _ 


c oN oi as 
a ye ir ; -_ ye we sees wal 
F oY i 0 ¢ 
wil sli 
ye aia 
-, an is) - 
AUP) Al 
bee p 5 


= 
a a Ve ie ie 
» , wav ~ ; 5 ; athe os a, 


<e 


‘lat i Niel “hh 


— 
_ 
a 


36 


"asoow UL SLpadLAuad eoUad0YIUG YLNPY JO UOLINGLUySLG pat Leraq 


91 aunbLy 
f) faa 
(9€ ) %0°9 ¥ uerer 4 ——— ‘ ——— 10 
£65 = N 


eaue Sahuejeud 


ZA (€2z) %0'RE a 
LLL 


y 
\ GK 
SSS hee SN oe ene A 
77 (eal 
Pave SNSUP] V7 


. 
sam atts KY 


(vee) 40°95 Y 
/) 


- es . ae 


“¢f8nis jer psray 4sq plereipncyou o4 y 


CF 
s 

* 
z. 


A) baG{? 


cS CéhL 


gay guarece: 


aS ain 
‘ 
; 
: 
' 
i 
ie | 
. nF 
: } 4 
' 4 2 | 
' ; ‘ 
= ’ . 
TT? ‘ 7 
bs 9a 
H SSS 
7 ? * 
’ 
‘ 
i 


DISTRIBUTION OF Q. 


— 


Moose Ade 


SS 


(years) 


W OO MO Wor nmmonnnn Ff Ww Ww PSY FO HO PY — OO 
mmm © MH OF MH OOo MH OH OF On oO OH oO OO WT MH OI 


— 


Total N=21 
is OT O ta 


BF 


TABLE IV 


CERVIPEDIS IN RELATION TQ MOCSE AGE 


Number of Adult Worms 


Lower Fore Limb Lower Hind Limb Total 
0 0 Q 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
] 0 ] 
2 1 6) 
i 0 / 

(ap 0 ce 
] 0 | 
0 & 

4 0 4 
2 0 Z 
14 10 24 
5 0 é 
2 3 5 
3 0 3 
26 6 36 
im 4 15 
44 9 53 
148 33 181 
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Figures 18 and 19. In Situ Condition of Adult Onchocerca cervipedis. 
Figure 18. Extended: e - extended. 
Figure 19... \Cotledw “c= coiled, m— nodule. 
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TABLE V 
IN SITU CONDITION OF ADULT OQ. CERVIPEDIS IN MOOSE 


None Condition of Adult 0. cervipedis 


Age Norma] Caicified 
(vears) extended coiled extended coiled 


as, 0 ] 0 Q 
Se 0 4 1 2 
4.5 - i 8 3 
3s) 4 0 0 0 
a0 5 ] 0 Q 
on0 ] 0 0 0 
3h 5, 2 2] 0 ] 
D0 2 0 0 0 
Ono ] 1 3 0 
eh 2 3 0 0 
aS ] 16 6 9 
S25 Q 3 0 0 
oe i 2 0 0 
Total N=12 33 Oe 18 as) 
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TABLE VI 
NUMBER OF ADULT O. CERVIPEDIS IN NON-CALCIFIED NODULES IN MOOSE 


Number of Adult Worms Per Nodule 
Number of Nodules Examined Female Male 
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VI. MICROFILARIA OF ONCHOCERCA CERVIPEDIS IN MOOSE 


A. Materials and Methods 

Sixteen live-trapped moose and 21 moose killed within 24 hours 
before examination were sampled for microfilariae distribution. Killed 
moose were sampled from September 12 to October 12, 1975; while live 
moose were trapped from June | to August 15, 1976. The trapping was 
conducted by wildlife biologists from Alberta Department of Recreation; 
Parks and Wildlife, Fish and Wildlife Division as part of a tagging 
operation. Nine moose traps (LeResche and Lynch, 1974) were positioned 
in the study area along game trails leading to mineral licks (Figure 1). 

Trapped moose were immobilized with 4-99 (cyanamid of Canada 
Limited) injected intermuscularly by a tranquilizing gun. Skin biopsies 
were taken from downed moose as was information regarding their age and 
sex. Time, date of sampling and weather conditions were also recorded. 
After 15 minutes an intravenous injection of the antidote uso-50 2) 
(Cyanamid of Canada Limited) revived the moose and it was released. 

The skin biopsies were taken from up to nine standard sites on 
the moose (Figure 20). Biopsy site 7 was located in an area which in 
the summer developed into an open sore, characterized as a hairless 
calloused area with small lesions. No attempt was made to consistently 
sample one particular side of the moose. Restrictions on the number 
and/or location of samples occurred when the hide of hunter-killed 
moose was wanted for tanning by the hunter or when live trapped moose 


were under severe stress due to handling. 
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On July 2, 1977 a 2.5 year old female moose was killed and 
sampled extensively for microfilariae. A grid with 20 centimetre 
Spacing was drawn on the body surface using a chalk line and metric 
rule. Two skin biopsies were taken at each of the 135 sample sites to 
give a total of 270 biopsies (Figure 21). The number of microfilariae 
given for each biopsy site is the sum of the two biopsies. 

To take a biopsy the hair overlying the sample site was first 
removed with scissors; then a 0.4 centimetre diameter core of dermal 
tissue was removed using a biopsy punch. The depth of the skin sample 
varied with the location on the moose and was thickest on the back, 
abdomen and brisket, and thinnest on the ear. 

Skin biopsies were placed in labelled glass vials (4 dram snap-on 
cap), covered with Earle's solution (Humason, 1967) and stored for 24 
hours. The contents of the vial were placed in a petri dish and scanned 
with the aid of a binocular microscope (Wild M5) at 100 power for micro- 
filariae which were counted if present. Sample specimens were placed 
On a microscope slide and examined at 200 power using a monocular 
compound microscope (Wild, M11). General morphological features (shape, 
size, transverse striated cuticle) were used for field identification. 
The microfilariae were returned to the labelled vial, 70% ethanol added 


and stored for laboratory identification. 


B. Results 

Skin biopsy samples were taken from 37 moose. Only samples taken 
from wild trapped moose in mid-June and July 1976 contained microfilariae 
(Table VII). Of the 16 moose trapped and sampled during this period, 


50.0% (8) were positive for microfilariae, while none of 21 hunter- 
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killed moose sampled in September-October (1975) yielded microfilariae, 
(Appendix 9) even though eight of 15 of these sampled for both adult 
and microfilarial stages contained adults. 

The number of microfilariae recovered varied substantially among 
individual moose and among biopsy sites (Table VII). Only biopsies from 
the legs were positive for microfilariae. A total of 83.5% (500 of 599) 
microfilariae was recovered from the lower hind leg, while 16.5% or 
99 were from the fore leg. 

Microfilariae were found only in the skin of the hind legs of the 
two-year-old moose (number 122) sampled extensively in July 1977 
(Figure 21). Microfilariae were recovered from dermal tissue samples 
taken from the ventral aspect of upper and lower hind legs (n=82) and 
the dorsal aspect of upper hind legs (n=30) of this animal. Micro- 


filariae were more abundant (73.0%) in samples from ventral aspect. 
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VIIT. BLACK FLY ADULTS ATTRACTED TO AND 
BLOOD FEEDING ON MOOSE 


A. Materials and Methods 

Adults of black fly species attracted to and blood feeding on 
moose were collected from thirteen wild trapped moose and a penned 
moose as bait. Observations were made on preferred feeding sites on 
the host and the host's response to biting fly activity. Wild moose 
were live trapped and immobilized (see page 26). These moose were 
Swept for black flies using an insect sweep net immediately upon 
approaching the moose and again just prior to administering the anti- 
dote (M50-50 diprenorphine) to the tranquilizing drug. I was the 
second person to the downed moose and took the initial sweep sample 
before examination of the moose by the wildlife biologists. Because of 
the difficulties of that work, the number of sweeps was not standard- 
ized. 

Individual blood engorging blackflies were picked from downed 
moose with forceps and a paint brush moistened in alcohol. Each sample 
was stored in a labelled vial with 70% ethanol. Information recorded 
included moose identification number, trap number, sampling method, 
time and date, moose age and sex, and local weather conditions. 

In 1976 two orphaned female moose calves (approximately 6 weeks 
old) were obtained by Dr. W.M. Samuel, University of Alberta, through 
the Alberta Fish and Wildlife Division. On June 6 a grizzly bear 


entered the moose pen and killed the first moose calf, but a second 
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TABLE VIII 
SAMPLING SCHEDULE FOR ADULT BLACK FLIES IN 1976 


Sampling Methods 


fre Sweep Modiried Light CO, Baited 


(Hours ) Net Malaise Trap Barrel Trap 
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alcohol. 

The carbon dioxide baited barrel trap was a 22.7 litre (5 gallon) 
metal cylinder painted dark blue (Marshall Wells - Boat Blue) and a 
uniform layer of adhesive material applied to the outer surfaces. 
Multi-Duty Lithium Grease and Petroleum Jelly were used as an adhesive 
early in the season with little trapping success; after July 1 an 
aerosol formulation of Tree Tanglefoot ®) (The Tanglefoot Company) was 
used which readily trapped black fly adults. Dry ice in a one-half 
gallon thermal jug with the pouring spout open was placed in the five 
gallon container and served as the carbon dioxide attractant source. 

No attempt was made to regulate the rate of flow of the carbon dioxide. 
The trap was suspended two metres off the ground. Specimens were 
removed from the adhesive material with forceps or a paint brush 
moistened in alcohol. The sampling schedule for this trap was designed 
around the availability of dry ice which was available every eight days 
with the dry ice lasting three days. The sampling was conducted for 
three consecutive days at 1200 and 2400 hours every eight days. 

New Jersey Light Traps powered by portable gas generators were 
suspended two metres above the ground. An incandescent 25 watt light 
bulb served as a light source. A 2.5 square centimetre piece of Vapona 
No-Pest strip ® (Shell Chemical Company) placed in the trapping jar, 
killed the collected insects. A sample consisted of a two-hour 
sampling period. Breakdown of power generators interrupting the 
sampling schedule and poor trapping success resulted in the black fly 
data from this trapping method being excluded from this study. 

Samples were placed in labelled vials containing 70% ethanol and 


stored for identification. Blackfly specimens were identified with 
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the aid of a dissecting microscope (Wild M5). An unpublished taxonomic 
key by F.J.H. Fredeen (Simuliidae Check List of Species in Manitoba, 
Saskatchewan and Alberta) was the major key used, but published works 
by Peterson (1970), Stone and Jamnback (1955) and Abdelnur (1968) were 
also used. Selected specimens of each species were submitted to Dr. 
R.V. Peterson, Research Branch, Biosystemstics Research Institute, 
Agriculture Canada for confirmation or identification. Voucher speci- 
mens have been deposited in the Strickland Museum, Department of Ento- 


mology, University of Alberta. 


Bz Results 

Adults of twenty-one black fly species (Table IX) were collected 
and identified from the study site during 1976 and 1977. Seventeen of 
these species have been confirmed by Dr. R.V. Peterson, Agriculture 
Canada. Simulium euryadminiculum Davies and Simulium jenningsi Malloch 
had not previously been reported in Alberta. 

Adults of thirteen species were common to both forest and muskeg 
communities while those of two species were unique to the forest 
community and those of six species unique to the muskeg community 
(Table X). Species abundance and seasonal activity are presented in 
Figures 22 to 52. The Simulium venustum Say and Simulium verecundum 
Stone and Jamnback species complexes were dealt with as S. venustum. 

Adults of eight black fly species were considered abundant. In 
decreasing order these were, adults of: Simulium venustum Say, 
Simulium decorum Walker, Simulium pugetense Dyar and Shannon, Simul ium 
arcticum Malloch, Simulium latipes (Meigen), Simulium meridionale Riley, 


Simulium euryadminiculum Davies and Simulium furculatum (Shewell). 
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TABLE IX 
FEMALE BLACK FLY SPECIES COLLECTED 1976-1977 
Se oe ia Rh ala a ae OM Se oe 
. aureum Fries complex* 


|n 


oe arceicum Mal locn* 

S. croxtoni Nickolson and Mickel* 
S. decorum Walker* 

S. euryadminiculum Davies* 

S. furculatum (Shewel1)* 

Ss. jennings? Malloch* 


S. latipes (Meigen) 
S. luggeri Nicholson and Mickel* 


SevileniGionale, Riley” 

S. pugetense (Dyar and Shannon) 

S. rugglesi Nickolson and Mickel* 

S. transiens Rubzov 

S. venustum/verecundum Say/Stone and Jamnback* 
S. Vittatum Zetterstedt* 

P. decemarticulatum (Twinn)* 

P. formosum Shewel1* 

P. fulvum (Coquillett)* 

P. exigens Dyar and Shannon 


P. pleurale Malloch 
Cnephia taeniatifrons (Enderlein)* 


*Confirmed by R.V. Peterson, Agriculture Canada. 
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TABLE X 
BLACK FLY SPECIES FOUND IN THE FOREST AND 
MUSKEG COMMUNITIES, SWAN HILLS 


SPECIES FOUND IN: 


Muskeg Community Forest Community Both Communities 
S. croxtoni S. aureum 
Ss. furculatum P. pleurale Ss. arcpicum 
S. rugglesi P. formosum Ss. decorum 
S. transiens S. euryadminiculum 
Pex icens oS. Jatipes 
C. taeniatifrons 5. luqqea 
S. meridionale 
S. pugetense 
S. venustum/S. verecundum 
S. vittatum 
P. decemarticulatum 
P. fulvum 
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Number of Individuals Trapped 


ADULT BLACK FLY ACTIVITY 
Figure 22 1976 


S venustum 
Malaise Trap (Muskeg) 


Borrel Trap ( Muskeg) 
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Number of Individuals Trapped 


ADULT BLACK FLY ACTIVITY 
be eel pe 1976 


S decorum 


Moicise Trap ( Musneg) 


Borre! Trop (Muskeg) 


Sweep Net (Muskeg) 


Figure 24 


S pugetense 
Molase Trap (Muskeg) 


Borre! Trop (Muskeg) 


Sweep Net (Muskeg) 
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Number of Individuals Trapped 


ADULT BLACK FLY ACTIVITY 
1976 


Figure 25 
GoGo Is 
Mola:se Trap ( Muskeg) 


Borre! Trop ( Muskeg) 


Sweep Net (Muskeg) 


Figure 26 
S. latipes 


Maloise Trap (Muskeg) 


Barre! Trop (Muskeg) 


Sweep Net (Muskeg) 
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Figure 27 
S. wittatum 
Moloise Trap (Muskeg) 


Borre! Trap 


Sweep Net 


Figure 28 


S euryodminiculum 
Malaise Trap ( Muskeg) 


Borre! Trop ( Muskeg) 


Sweep Net (Muskeg) 


ADULT BLACK FLY ACTIVITY 
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ADULT BLACK FLY ACTIVITY 
1976 


Figure 29 
SS croxtoni 


Barre! Trap (Muskeg) 


Figure 30 
S aureum 


Borrel Trap (Muskeg) 


Sweep Net (Muskeg) 


Figure 31 
S. meridionaie 


Sweep Net ( Muskeg) 


Figure 32 
Ss decemorticulatum 
Sweep Net (Muskeg) 


Figure 33 
S ruggiesi 
Sweep Net (Muskeg) 


Figure 34 
S tronsiens 


Borrel Trap (Muskeg) 
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Figure 35 
Cnephio taenatifrons 
Borre! Trap (Muskeg) 


Figure 36 
P fulvum 
Sweep Net (Muskeg) 


Figure 37 


P_exigens 
Sweep Net (Muskeg) 


Figure 38 
S furculatum 


Sweep Net (Muskeg) 
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Figure 39 
os venustum 
Malaise Trap (Forest) 


Borrel Trap (Forest) 


Sweep Net (Forest) 
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ADULT BLACK FLY ACTIVITY 
1976 


Figure 40 
S decorum 
Malaise Trap (Forest) 


Barre! Trap (Forest) 


Sweep Net (Forest) 


Figure 41 
S pugetense 


Molaise Trap (Forest) 


Borre! Trap (Forest) 


Sweep Net (Forest) 
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ADULT BLACK FLY ACTIVITY 
1976 


Figure 42 
S.vittatum 
Malaise Trap (Forest) 


Barre! Trap (Forest) 


Sweep Net (Forest) 


Figure 43 
S.arcticum 


Malaise Trap (Forest) 


Borrel Trap (Forest) 


Sweep Net (Forest) 
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Figure 44 
Ss latipes 


Moloise Trap (Forest) 


Borrel Trap (Forest) 


Sweep Net (Forest) 


Figure 45 
P. decemarticulatum 


Sweep Net (Forest) 


Figure 46 
S oureum 


Borrel Trap (Forest) 


Figure 47 


S_euryodminiculum 
Malaise Trap (Forest) 


Borre! Trap (Forest) 
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ADULT BLACK FLY ACTIVITY 
Figure 48 1976 


S turcviatum 


Borre! Trap (Forest) 


Figure 49 
S meridionale 


Maloise Trap (Forest) 


Sweep Net (Forest) 


Figure 50 
P. formosum 


Malaise Trap (Forest) 
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Sweep Net (Forest) 
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Figure 5l 
_P. fuivum 


Molaise Trap (Forest) 


Sweep Net (Forest) 


Figure 52 
P pleurcie 
Sweep Net (Forest) 


ew 16 2 22 28 ze 4 | ‘2 18 9 26 2¢ 2 38 10 «6 7 23 24 80 6 7 1 4 20 2: 27 


way — ~ JUNE — JULY eee (UO 


65 


66 


The seasonal activities for the adult black fly species varied 
depending on species with S. venustum (Figures 22 and 39), S. decorum 


(Figures 23 and 40) and Simulium vittatum Zetterstedt (Figures 


27 and 42) being active throughout the 1976 field season (May 15 to 
August 27). Simulium arcticum (Figures 25 and 43), S. latipes (Figures 
26 and 44) and S. furculatum (Figures 38 and 48) first occurred in late 
spring (June 19) and were present for the remainder of the field season, 
while Simulium croxtoni Nickolson and Mickel (Figure 29) and Simulium 
aureum Fries occurred first in mid-summer. 

Three peak activity periods were recorded for both S. venustum 
(May 29-June 4, June 19-25 and July 3-23) (Figures 22 and 39), and 
S. decorum (May 29-June 4, June 19-July 2, and July 17-23) (Figures 
23 and 40) indicating they are multivoltine caters Simulium arcticum 
(Figures 25 and 43), S. latipes (Figures 26 and 44), S. vittatum 
(Figures 27 and 42) S. aureum (Figures 30 and 46) and Prosimulium 
decemarticulatum (Twinn) (Figures 32 and 45) showed similar seasonal 
adult activity. Univoltine species included S. meridionale (Figures 3] 
and 49), Prosimulium formosum Shewell (Figure 50) and Prosimulium 
fulvum (Figures 36 and 51). 

Diel activities were not clear, although S. venustum (Figure 53) 
was more active in the late afternoon and early evening. 

The most effective adult black fly trapping method in terms of 
the number of species trapped was sweep netting which trapped adults of 
17 blackfly species of which P. decemarticulatum (Figure 32), Simulium 
rugglesi Nickolson and Mickel (Figure 33), Prosimulium exigens Dyar and 
Shannon (Figure 37) and Prosimulium pleurale Malloch (Figure 52) were 


trapped only by sweep netting. The carbon dioxide baited barrel trap 
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was second in trapping effectiveness, trapping adults of 13 black fly 
species, of which S. croxtoni (Figure 29), Simulium transiens Rubzov 
(Figure 34) and Cnephia taeniatifrons (Enderlein) (Figure 35) were 
trapped only by this method. Adults of 10 blackfly species were 
collected using the modified malaise trap. In terms of the number of 
individual adult black flies collected the carbon dioxide baited barrel 
trap was apparently more efficient. However, the longer sampling 
period (12 hours) compared to the shorter sampling period for the 
modified malaise trap (2 hours) and the sweep net (20 sweeps) could 
well account for the larger number of individuals taken in the barrel 
trap. In general there was agreement in adult black fly activity peaks 
between the three trapping methods, with close agreement between the 


modified malaise trap and the insect sweep netting. 
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Viti eceAGh Gey ADULTS “ATTRACTED 10 AND 
BLOOD FEEDING ON MOOSE 


A. Materials and Methods 

Adults of black fly species attracted to and blood feeding on 
moose were collected from thirteen wild trapped moose and a penned 
moose as bait. Observations were made on preferred feeding sites on 
the host and the host's response to biting fly activity. Wiid moose 
were live trapped and immobilized (see page 26). These moose were 
Swept for black flies using an insect sweep net immediately upon 
approaching the moose and again just bdrior to administering the anti- 
dote (M50-50 diprenorphine) to the tranquilizing drug. I was the 
second person to the downed moose and took the initial sweep sample 
befcre examination of the moose by the wildlife biologists. Because of 
the difficulties of that work, the number of sweeps was not standard- 
ized. 

Individual biood engorging blackflies were picked from downed 
mocse with forceps and a paint brush moistened in alcohol. cach sample 
was stored in a labelled vial with 70% ethanol. Information recorded 
included moose identification number, trap number, sampling method, 
time and date, moose age and sex, and local weather conditions. 

In 1976 two orphaned female moose calves (approximately 6 weeks 
old) were obtained by Dr. W.M. Samuel, University of Alberta, through 
the Alberta Fish and Wildlife Division. On June 6 a grizzly bear 


entered the moose pen and killed the first moose calf, but a second 
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moose calf was taken to the study site on June 16, 1976. This moose 
was used to facilitate regular sampling of black fly adults attracted 
to and feeding on it during both seasons. Two sampling methods were 
used, insect sweep netting and a fly trap baited with the moose. A 
Sweep net sample consisted of twenty sweeps over and around the length 
of the standing moose. A regular sampling schedule was maintained 

on alternate days at 0900, 1700 and 2000 hours in 1976. In 1977 
samples were taken every third day at 0900, 1700 and 2000 hours. The 
contents of the net sample were sprayed with insecticide (Black Flag 
House and Garden Insect Kilier® ) and stored in alcohol. 

The moose baited fly trap was a rectangular enclosure constructed 
of plywood and insect screening (Hudson, 1977). A one-way fly entrance 
ran the length of the trap on either side. The trap was cleared of 
flies immediately prior to taking a sample. The moose was led into the 
trap by way of an entrance door and the trap closed. A sample 
consisted of flies trapped in a one-hour period. A regular sampling 
schedule was maintained at 0900, 1700 and 2000 hours, except during 
heavy rains, or in 1977 when only one person was in camp. The latter 
exception was a safety precaution, as the moose required two people for 
handling. After removing the moose from the trap, black flies were 
collected and stored in alcohol. 

Four times during the summer in 1977, control samples with the 
fly trap not baited were taken to evaluate the attractiveness of the 
trap per se. These controls followed the same schedule as for the 
baited samples, but were on the day preceding or following a regular 
baited sample. Such was done to minimize any effect of lasting moose 


Odour acting as an attractant. 
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B. Results 

1.. Response to Biting Flies 

Both trapped wild moose and the penned moose responded to high 
fly activity. Field conditions unfortunately did not permit isolation 
of behavioural responses of moose to black flies in particular, so 
observations here are a summation of all biting fly activity. The 
penned moose calf, prior to losing its natal hair in late July (1976), 
seemed less affected than older moose by biting fly activity. The 
long, dense natal hair covered the entire body surface except the nose 
and deep recessions of the inner ear where hair was short. The moose 
calf used ear twitching, head and body shaking and scratching in an 
apparent effort to dislodge flies. On occasions it was observed to 
race erratically around the pen until exhausted, then lie down. Most 
commonly, it would lie under low shrubs or in the lean-to shelter 
constructed to offer some protection from adverse weather. 

During peak biting fly activity, wild-trapped moose and the penned 
yearling moose moved around constantly, frequently twitching the ears 
and rubbing the hind legs together in a quick jerking motion. Muscle 
Spasms in the form of quivering along the body core and the legs were 
also observed. 

2. Black Fly Feeding Sites on Moose 

Observations clearly showed black flies concentrated their prob- 
ing and feeding activity in the less dense and short haired areas on 
the moose. The heaviest black fly activity was on the legs, in 
particular the inner and outer aspect from the hoof to about 10 centi- 
meters above the tibio-tarsal joints. The belly, brisket and anal 


area were also sites of black fly biting activities. Few black flies 
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ADULT BLACK FLY ACTIVITY AT MOOSE BAITED FLY TRAP - 1976 


Figure 54 
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ADULT BLACK FLY ACTIVITY AT MOOSE BAITED FLY TRAP - 1976 


Figure 56 
S. arcticum 


Figure 57 
S furcutatum 


Figure 58 
S. pugetense 


Figure 59 
S. meridionale 


Figure 60 
S.vittatum 
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ADULT BLACK FLY ACTIVITY AT MOOSE BAITED FLY TRAP - 1976 


Figure 6! 
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Figure 62 
P.exigens 


Figure 63 
P. decemarticulatum 


Figure 64 
S euryadminiculum 
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were observed on the head and ears. A hairless callused area with 
small lesions on the hind legs just distal to the tibio-tarsal joints 
was a preferred site for Lyperosiops sp., possibly L. alcis (Muscidae, 
Diptera), but occasionally used by adult black flies. 

3. Black Flies Attracted to Moose 

Adults of fifteen black fly species were attracted to moose 
(Table xI). In 1976 adults of a total of eleven black fly species were 


collected from the moose baited fly trap and insect sweep net; 


|n 


decorum (Figures 54 and 68), S. venustum (Figures 55 and 69), 


WN 


. arcticum (Figures 56 and 67), S. vittatum (Figures 60 and 66) and 


|n 


. meridionale (Figure 59) were the most abundant (Figures 54-69). Of 
these species, adults of S. decorum (Figures 54 and 68) and S. venustum 
(Figures 55 and 69) were most abundant during late June and July. Both 
trapping methods showed similar trends in black fly abundance, how- 
ever, the moose baited fly trap trapped six black fly species additional 
to those taken in the insect sweep net (Table XI). With the exception 
of those of S. meridionale (Figure 59), adults of these six species were 
taken in low numbers. The disturbance created while sweep netting 
around the moose and the short sampling period may have adversely 
influenced trapping some of these less abundant black fly species. 
Simulium furculatum (Figure 57) and S. pugetense (Figure 58) were 
collected only from the moose baited fly trap and only in 1976 when the 
penned moose was a calf. In 1977 the numbers of black fly adults 
attracted to moose were higher. Weather conditions that may have 
influenced this greater abundance of black flies, included, high 
precipitation in the summer of 1976 and a mild winter with above normal 


snowfall. 
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TABLE XI 
ADULTS UOUFVBEACKOFLY SPECIES ATTRACTED TO 
MOOSE IN THE SWAN HILLS 


Wild Moose Penned Moose (#3) 
1976 1976 (calf) 1977 (yearling) 

Sweep Hand Sweep Fly Sweep Fly 
Species Net Picked Net Trap Net Trap 
os arcturcum + + + + ct 
S. decorum + + + ds a c 
S. venustum a 1 + + + + 
De Vittatum + + + + + 
S. meridionale = - - + J Ce 
S. furculatum - - - - s a 
S. euryadminiculum - - - + + + 
Sampugecense - - ~ + = = 
3+ aureum i : : ; + 
Ss. latipes - a ss z 5 be 
S. Ccoxtoni - - - - = + 
5. Jennings cz - - = zs e 
P. formosum - - = + + + 
P. decemarticulatum - - - + + = 
Peek gens = - - + = + 


(- = not present) 
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Figure 65 SWEEP NET SAMPLE FROM PENNED MOOSE 
1976 
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Figure 68 
S. decorum 


Figure 69 
S. venustum 
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In 1977 when the penned moose was a yearling, adults of 13 black 
fly species were collected from the moose baited fly trap (Table XI). 
The most abundant species were: S. decorum (Figure 70), S. venustum 
(Figure 71), S. arcticum (Figure 72), S. vittatum (Figure 73) and 
S. aureum (Figure 74). Of these, adults of S. decorum, S. venustum, 
S. arcticum and S. vittatum were abundant in June and July (Figures 70 
and 73). Simulium aureum (Figure 74), S. croxtoni (Figure 75) and 
S. latipes (Figure 76) were not collected from the penned moose calf in 
1976 (Table XI). Adults of eight black fly species were collected in the 
insect sweep net (Figures 72-79) and these showed similar trends in 
seasonal abundance as was noted from the moose baited fly trap. In 1977 
the first adult black flies were collected one week earlier (May 8) 
than in 1976. 

Adult black fly species collected in the non-baited fly trap are 
compared with those taken in the moose baited fly trap in Figures 
90 to 100. The non-baited fly trap collected the same species as the 
moose-baited fly trap, except P. formosum, S. euryadminiculum and 
S. croxtoni which came only to the baited trap (Figures 97, 99 and 100). 
The number of female black flies collected in the non-baited fly trap 
was less than in the moose-baited fly trap. Adults of six black fly 
species were collected from immobilized wild moose in 1976 (Table XI). 
The same black fly species were collected from the penned moose in 1976, 
with the exception of Simulium jenningsi Peterson which was collected 
in the sweep net on July 16 at 1400 hours. This is the first known 
record of S. jenningsi in Alberta and identification is based on one 
female. 


Of the fifteen adult black fly species attracted to moose, only 
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ADULT BLACK FLY ACTIVITY AT MOOSE BAITED FLY TRAP - 1977 


Figure 72 
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Figure 73 
S. vittatum 


Figure 74 
S. aureum 
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ADULT BLACK FLY ACTIVITY AT MOOSE BAITED FLY TRAP - 1977 


Figure 75 
S. croxton 


Figure 76 
‘S. latipes 


Figure 77 
S. meridionale 


Figure 78 
P. exigens 


Figure 79 
P. formosum 


Figure 80 
P. decemarticulatum 


Figure 861 
S. euryadminiculum 
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SWEEP NET SAMPLE FROM PENNED MOOSE 
i977 


Figure 82 
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Figure 84 
Ss. euryadminiculum 
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Figure 86 
S. gureum 
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Figure 88 
= S. venustum 


Figure 89 
so S. decorum 
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FLY TRAP 1977 


Figure 91 
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Ss. arcticum, S. aureum, 5. decorum, S$. venustum, $. vittatum and 

P. formosum were found to feed on the blood of moose. Simulium 
arcticum, S. decorum and S. venustum blood fed on the penned moose in 
both 1976 and 1977, while S. vittatum and P. formosum though collected 
both seasons from the penned moose (Table XI) only blood fed from the 
moose yearling in 1977 (Table XII). Simulium aureum was collected from 


moose only in 1977. 
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TABLE XII 


PERCENT OF BLACK FLIES BLOOD ENGORGED FROM 
PENNED MOOSE 1976-1977 


Number Number % Blood 
Species Trapped Blood Engorged Engorged 
Rasy 
SeareLicum 333 ] Os 
S. decorum 648 3 0.5 
Ss. venustum S50 20 See 
Sewitca Lum } og 0 0.0 
ESSE 
S. arcticum 5,628 39 Oey 
S. aureum ec 3 0.9 
S. decorum 14,879 is bbe 
Ss. venus tum 3,434 211 Gier 
S. vattatum 53 36 oY) 
P. formosum 28 15 03.0 
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IX. DETERMINATION OF VECTORS 


A. Materials and Methods 

Three hundred and sixty-four (364) blocd engorged female black 
Flies collected from wild trapped and penned moose were dissected and 
the gut contents examined for microfilariae. To do this the black flies 
were identified, tnen placed in hot 2% potassium hydroxide solution for 
10-15 minutes to liquefy the blood meal. They were tnen mounted on a 
microscope slide, viewed with dissecting microscope (Wild M5) and the 
abdomen of the fly separated from the thorax using a scalpel and needle 
point forceps. The intact blood meal was removed by applying gentle 
pressure with forceps to the abdomen behind the blood meal and moving 
the forceps anteriorly. A cover slip was placed over the blood meai and 
squeezed to form a thin-layer blood-squash. This was examined for 
microfilariae under a binocular compound microscope (Zeiss) at 100 


magnification. 


B. Results 

Of the six biack fly species that biood fed on the penned moose, 
only S. venustum and S. decorum adults contained microfilariae in their 
blood meal (Table XIII), No microfilariae were found in the blood meal of 


black fly specimens taken from wild trapped moose (Table XIV). 
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TABLE XIII 
PRESENCE OF ONCHOCERCA CERVIPEDIS MICROFILARIAE IN 
BLACK FLY BLOOD MEALS FROM PENNED MOOSE 


No. No. with % with 
Blood Engorged Examined Microfilaria Microfilaria 
S. venustum 169 5 Kamo he 
S. decorum 101 2 es 
Sapo pol CUM oy Q 0 
S. vittatum 22 Q 0 
S. aureum | 2 0 0 
P. formosum & 0 0 
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TABLE XIV 
PRESENCE OF ONCHOCERCA CERVIPEDIS MICROFILARIAE IN 
BLACK FLY BLOOD MEALS FROM TRAPPED MOOSE 


Blood Engorged No. Examined No. with Microfilaria 
Ss. venustum 16 0 
S. decorum 16 0 
S. arcticum Z Q 


te) 


vittatum 1 0 
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X. DISCUSSION AND CONCLUSION 


To incriminate an arthropod with transmission of the causal agents 
of disease Barnett (1960) outlined four basic criteria. Firstly, 
effective contact with host under natural conditions must be demon- 
strated. In this study six adult black fly species fed on the blood of 
moose (Figure 101). These included S. decorum, S. venustum, S. arcticum, 
S. vittatum, S. aureum and P. formosum of which only the first four 
species were collected from wild trapped moose, and had blood engorged 
females collected from penned moose in both 1976 and 1977. Simulium 
decorum was the most abundant black fly species attracted to the penned 
moose followed by S. venustum and S. vittatum. Both S. decorum and 
S. venustum have a wide geographic distribution (Fredeen, 1973) as 
does Q. cervipedis, and both are known blood feeders of large mammals 
(Fredeen, 1958; Davies, Wood and Peterson, 1962; Abdelnur, 1968). 

Secondly, a temporal and spatial association of suspected arthropod 
species and occurrence of infection in host must be demonstrated. The 
microfilarial stage of Q. cervipedis was present in the dermal tissue 
of the fore and hind limbs of moose sampled from mid June until early 
August (Figure 101). Both S. decorum and S. venustum were most abundant 
during mid June to late July, whereas S. vittatum was only abundant in 
early May and again in early July and S. arcticum was abundant in 
August in 1976 and June to September in 1977 (Figure 101). All four 
adult black fly species were collected from the hind limbs of wild 
trapped moose where the microfilariae are found. 


Thirdly, repeated demonstration that the specific arthropod 
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harbours the infectious agent in the infective stage under natural 
conditions must be shown. No infective stage 0. cervipedis was found; 
however, microfilariae were found in the blood meals of blood engorged 
S. decorum and S. venustum. While this does not satisfy this third 
criteria in incriminating a vector it does reveal two possible vectors. 
In this study relatively few blood engorged black flies (364) were 
examined for microfilariae, future investigations should include a more 
extensive examination of the species known to blood feed on moose to 
obtain more valid results. Further work must also be done to show 

Q. cervipedis can develop to the infective stage in S. decorum and/or 
S. venustum. As well the fourth criteria that of demonstrating trans- 
mission of infectious agent to definitive host under controlled condi- 
tions has yet to be done. 

The filarioid nematode inhabiting the subcutaneous connective 
tissue of moose from the Swan Hills area of Alberta has been identified 
as 0. cervipedis. Discrepancies in the distance of the nerve ring to 
the anterior extremity in the females, the longer small spicule in the 
males and the length of the microfilariae could be attributed to a 
different geographic strain of legworm or to the different host. 

Adult legworms were present in 64.0% of the moose examined. 
Localization of adult legworm in the lower limbs of moose, particularly 
around the tibio-tarsal joints is in agreement with numerous authors 
including Rush (1933), Annereaux (1941), Herman (1945) for deer and 
Samuel et al. (1976) for moose. In general adult legworm showed a 
marked preference for the front limbs with the majority of worms (80.0%) 
inhabiting that area. This agrees with Samuel] et al. (1976) and Brown 


(1961) who found the front limbs more heavily infected than the hind 
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limbs of moose and black-tailed deer, although Cowan (1951), Anderson 
(1962) and Wienmann (1973) reported a preference for the hind limbs in 
black-tailed deer. The front limbs in moose 2.5-6.0 years of age were 
infected more commonly with legworm than the hind limbs. 

The possibility of different strains of 0. cervipedis with 
distinct behavioural characteristics should be considered. OQ. cervipedis 
is a recent parasite of North American moose, likely acquired after the 
immigration of moose from Eurasia (Anderson and Lankester, 1974) in the 
Illinoian age (100,000-175,000 years ago) (Pewe and Hopkins, 1967 in 
LeResche et al., 1974). The different host (moose) and the period of 
time moose have been in North America could have resulted in the evolu- 
tion of strains of 0. cervipedis with distinct behavioural character- 
istics resulting in the differences of site location. 

Older moose were more heavily infected with legworms than younger 
moose, no adult legworms were recovered from calves or yearlings. © The 
increase in the number of adult legworms with age of moose was linear 
(correlation coefficient r=0.75). However, other factors such as the 
prevalence of legworm in the moose population, density of host and 
vector(s) could be important in determining abundance of legworm in 
moose. Beaudoin et al. (1970) suggested age composition and density of 
host population as well as the ecological factors of the external 
habitat may be important factors affecting the increased abundance of 
QO. cervipedis with age in white-tailed deer. Weinmann et al. (1973) 
found worm burden did not increase linearly with age of Columbian black- 
tailed deer. In moose calves the length and density of the natal hair 
could afford some protection from biting flies since the black flies 


generally blood feed on the sparsely haired area of the host. On cattle, 
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adult S. ornatum (Meigen, 1818) bite predominantly around the umbilicus 
where hair is sparse and easily penetrated (Eichler, 1971). 

By late July when the natal hair of moose calves has been shed, 
the peak legworm transmission period could be over. Weinmann et al. 
(1973) predicted this to be the situation in fawns of Columbian black- 
tailed deer. More important is that the moose calves and yearlings may 
be infected, but a long patency period and the lack of knowledge about 
immature stages in the moose may prevent locating the legworm. Seven 
of the blood engorged adult black flies (5 S. decorum, 2 S. venustum) 
taken from the penned yearling moose in 1977, contained microfilariae 
in the blood meal, indicating the moose was exposed to the infective 
stage larvae as a calf in 1976. Samuel et al. (1976) reported 11.0% 
of moose calves (4-9 months) ana 73.0% older moose infected with 
legworm. 

Adult legworms were found in an extended or coiled position. Coiled 
legworms were found either free or in nodules, with up to seven females in 
a nodule. The number of calcified leqworms was not dependent on host 
age and may be related more to individual host resistance or to 
exposure of a high incidence rate for a given year. 

Male legworms were rarely encountered in moose. The sex ratio of 
2.2 males per 100 females (13:595) was in reasonable agreement with the 
1.7:100 male to female ratio reported by Herman and Bischoff (1946) for 
deer. Weinmann et al. (1973) reported a 3.3:100 male to female sex 
ratio for legworm in Columbian black-tailed deer. 

Weinmann (1973) has demonstrated seasonal periodicity in the 
production of microfilariae shies peak abundance in the skin in spring 


and summer. These microfilariae concentrate in the ear of Columbian 
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black-tailed deer and are abundant when the females of the incrimi- 
nated vector, Prosimulium impostor, are active. In moose in this 
Study, microfilariae were recovered from skin biopsies from 53.0% of 
the 17 moose sampled between mid June and July. No microfilariae 
were found in the skin of 21 moose sampled in September and October 
even though 53.0% (8 of 15) had adult legworm. This tends to support 
seasonal periodicity of microfilariae in skin reported by Weinmann 
(1973). 

What happens to the microfilariae in autumn is not known. Wein- 
mann (1973) suggested a halt in production of microfilariae which would 
explain their absence if they have a short life span (4-5 months). How- 
ever, if the microfilariae survival time is longer, such as the 30 
months reported for microfilariae of 0. volvulus (Nelson, 1970) perhaps 
they inhabit other tissues of the host's body during part of the year. 

That microfilariae were found only in the front and hind limbs in 
close association with the adult leqworms could tend to support Hibler's 
(1965) view that microfilariae are found in association with the adultleg- 
worms regardless of their location. However, the adult black fly blood 
feeding activity on both wild and penned moose was concentrated on the 
sparsely haired areas of the legs, particularly the hind limbs, where 
the microfilariae were more abundant, suggesting the microfilariae 
were present at the preferred black fly blood feeding sites on the host 
and is in agreement with Weinmann et al. (1973), but not with Hibler 
(1965). 

The incrimination of the adult black fly P. impostor in vectoring 
0. cervipedis in Columbian black-tailed deer in California (Weinmann, 


1973), directed the examination of adult black flies as possible vectors 
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of 0. cervipedis in moose of Alberta. Although various authors (Murie, 
1934; Peterson, 1955; Flook, 1959) have noted that moose, like cattle 
and horses, are annoyed by biting flies, Tittle is known about the 
species involved (Anderson and Lankester, 1974). This is particularly 
true of black flies wnere in Alberta no records exist. In Minnesota 
oniy S. venustum and S. pictipes have been reported from moose (Olsen 
and Festermacher, 1942; Nickholson and Mickel, 1950) and from the North- 
west Territories, S. luggeri and S. malyschevi were swarming over an 
area just vacated by a moose (Flook, 1959). 

In addition to the lack of information about blackflies affecting 
moose was a lack of information about blackfly species in the Swan Hills 
area and their adult activity patterns. In northern Alberta, Abdelnur 
(1968) and Fredeen (1969) have studied blackflies in the agricultural 
areas. It was therefore necessary to determine what adult blackfly 


species were present to derive a meaningful interpretation of what black 


flies affected moose and which species might be vectors of 0. cervipedis 


in moose. 

Twenty-one aduit blackfly species were collected from the study 
Site. Seventeen species have been confirmed by Dr. B.V. Peterson, 
Canaaa Agriculture; the remaining six species have been tentatively 
identified. Simulium euryadminiculum and S. jenningsi are new records 
for these species in Alberta. 

Of the 21 blackfly species in the study area fourteen were 
attracted to moose, but only adults of six species took blood meals. 
These were: S. decorum, S. venustum, S. arcticum, S. vittatum, 

S. aureum and P. formosum (Table 13). The S. venustum complex was 


the most abundant species encountered and second most abundant 
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attracted to the penned moose (Figures 45 and 62). Adults of this 
Species were active throughout the 1976 field season and showed three 
peak activity periods between June 19 and August 20. This activity is 
in agreement with Fredeen (1958, 1973) who noted initial emergence 5 
to 8 weeks following ice break-up of the streams. S. venustum adult 
can be a serious pest of humans, cattle and horses (Fredeen, 1958; 
Davies, Wood and Peterson, 1962; Abdelnur, 1968), ruffed grouse 
(Bennett and Fallis, 1958) and sparrows (Abdelnur, 1968). Adults of 
this species transmits the avian blood protozoon Leucocytozoon simondi 
(Fredeen, 1958). Simulium venustum was actively attracted to moose as 
apparent in the moose baited fly trap, being most active in June and 
July (Figures 45 and 62). Adults consistently blood fed on the wild 
trapped and the penned moose in 1976 and 1977 (Tables 13 and 14). In 
1976, 5.6% and in 1977, 6.14% of the females taken in the moose baited 
fly trap were blood engorged. This percentage of blood feds was not 
considered unreasonable since Davies (1957) indicated 8.0-25.0% of the 
S. ornatum landing on cattle actually blood fed and Eichler (1971) noted 
that most S. ornatum landing on cows failed to feed on that host. On 
wild moose, blood feeding activity was concentrated on the inner and 
outer aspects of the legs, particularly the hina leg. Reduced activity 
was noted in the belly, brisket and anal regions. There was no marked 
tendency to blood feed on the ear or head region of moose as observed 
by Smith in Algonquin Park, Ontario (cited in Anderson and Lankester, 
1974). 

Adults of S. decorum were the second most abundant black flies 
(Figures 13 and 30) and the most abundant collected from moose (Figures 


46 and 61). This multivoltine species is widely distributed in Canada 
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(Fredeen, 1973). In 1976 three peak abundance periods were recorded 
with the species being most abundant in June and July (Figures 13 and 
30). Primarily a pest of humans and horses, it has also been reported 
to feed on the blood of birds (Davies, Wood and Peterson, 1962; Abdelnur, 
1968). Adults were actively attracted to the moose baited fly trap 
with 0.46% and 0.85% blood engorged in 1976 and 1977, respectively. 
Blood engorging adults were also collected from the hind legs of 
immobilized wild moose where they concentrated their feeding activity. 

Adults of S. arcticum were abundant throughout the summer with 
peaks in abundance in mid-July and August (Figures 15 and 33), suggest- 
ive of two generations. Sommerman et al. (1955) reported two genera- 
tions per year. Restricted to western North America, this species is 
a facultative blood feeder of horses and cattle (Abdelnur, 1968), 
gathering on the sparsely haired portions of the animal to feed (Peter- 
son, 1959). In localized areas of Alberta and Saskatchewan adults of 
this species have caused economic losses to the livestock industry 
(Fredeen, 1969). Besides horses and cattle, S. arcticum likely blood 
feeds on mule deer (0. hemionus hemionus) (Peterson, 1959 ). Although 
adults were actively attracted to and blood fed on moose (Figures 47 
and 63, Tables 13 and 14), their restricted geographic distribution may 
reduce their potential as a vector of 0. cervipedis. 

Adult S. vittatum was first collected from the muskeg community 
on May 15, 1976 (Figure 17), but not from the forest community until 
July 3, 1976. The reason for this discrepancy is not apparent unless 
it relates to the timing of ice break-up at the breeding site as in a 
forest covered area, where ice break-up is later. Three peaks in 


abundance were recorded. The first major peak in mid-May relates to 
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the fact that larval and pupal stages of S. vittatum overwinter so 
that adults emerge early in spring (Fredeen, 1958; Fredeen and 
Shemanchuk, 1960). The number of generations per year varies from 2-4 
depending on geographic region (Sommerman et al., 1955; Fredeen and 
Shemanchuk, 1960). Although primarily a pest of humans, horses and 
cattle (Peterson, 1956; Fredeen, 1958; Davies, Peterson and Wood 1962; 
Abdelnur, 1968) in some regions adults of S. vittatum are not reported 
as pests of humans (Sommerman et al., 1955; Peterson, 1956). Such 
differences in haemophily are major problems in determining the rela- 
tionships of black flies and their hosts. It has been shown that the 
preferred hosts of a black fly species can vary with geographic area 
and time of year (Peterson, 1956), and for that reason implication of 
black fly vectors can be difficult. For instance, in 1976 blood fed 
adults of S. vittatum were collected from wild trapped moose, but not 
from the penned moose. At that time the penned moose was a calf and 
may not have had all the correct stimuli to induce biood engorgement, 
or perhaps more likely the long dense natal hair, prevented the black 
flies from reaching the skin to obtain a blood meal. In 1977, when the 
moose calf's natal hair was gone, 6.7% of the adults taken from the moose 
baited fly trap were blood engorged (Table 13). 

Similarly P. formosum was attracted to the penned moose in 1976, 
but no blood engorged individuals were collected; while in 1977, 53.4% 
of those from the moose baited fly trap were engorged (Table 13). 
Unlike S. vittatum this species was present in low numbers throughout 
the summer. 

S. aureum has been reported as a multivoltine species by various 


authors (Stone et al., 1955; Davies, 1950; Peterson, 1959), mowever 
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during 1976 and 1977 one peak each year was recorded (Figures 20, 36 
and 65). In 1976 this occurred from August 7-20 (Figures 20 and 36) 
and in 1977 from June 5-11 (Figure 65). Abdelnur (1968) reported 
adult emergence on June 20 in the Flatbush and Irish Creek areas of 
Northern Alberta. Most authors have designated S. aureum as a bird blood 
feeder, (Peterson, 1959 c; Stone et al., 1955; Bennett and Fallis, 
1958), although Abdelnur (1968) noted it blood fed on cattle and in 
this study blood engorged individuals were collected from the penned 
moose (Table 14). Because of the divergent feeding behavior of 
S. aureum in north central Alberta it should be investigated further 
to determine if it is a sibling species of those reported by the above 
mentioned authors. 

Gon ned moose exhibited a response to high biting fly activity. 
The moose calf with its long, dense natal hair seemed less disturbed by 
the fly activity than older moose. Moose moved constantly about the 
penned area, ear twitching, muscle spasms and rubbing their hind legs 
together in a stamping motion in an apparent attempt to dislodge the 
flies. It is not unreasonable to assume that moose are as susceptible 
to the annoyance of black fly attacks as Fredeen (1969) noted for 
cattle. If wild ungulate farming of moose in Alberta is deemed feasible, 
care in the selection of farm location with respect to biting fly popu- 
lations must be considered. As natural moose behavior patterns which 
afford some protection from adult biting fly activity may be modified 
under confinement, some artificial protection such as use of insect 
repellents applied by self applicators should be investigated. This 
Study showed black flies blood fed primarily in the sparsely haired 


areas of the legs, brisket, belly and anus, with concentrated activity 
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on the hind limbs around and below the tibio-tarsal joints. There- 
fore, use of dust bags and back scratchers containing insect repellents 
like those used for cattle should be investigated. These should be 
placed in areas used frequently by moose during the adult biting fly 
season, such as along game trails, at mineral licks or watering areas. 
The objective of this study was to provide a more comprehensive 
understanding of the host-vector-parasite relationship of the legworm, 
Q. cervipedis, in moose of the Swan Hills, Alberta. Six specific goals 
were established and have been reached, at least in part. The legworm 
of moose at the study site was identified as 0. cervipedis. Sixty- 
four percent of the moose examined were infected with legworm of which 
80.0% were located in the fore limbs and 20.0% in the hind limbs. 
There was a linear increase in the number of legworms with increasing 
age of the moose, but no host-sex preference could be determined because 
of a lack of hunter-killed and road-killed female moose. Microfilariae 
of 0. cervipedis were present only in the skin of the fore and hind 
limbs of live-trapped moose during June and July suggesting there is a 
seasonal periodicity in the skin of moose. The seasonal activity of 
the adults of 21 black fly species was monitored at the study site, 
S. venustum and S. decorum were abundant during June and July. Adults 
of six black fly species fed on the blood of moose, but microfilariae 
of QO. cervipedis were found only in the blood meals of S. decorum and 


S. venustum incriminating these species as possible vectors. 
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*Barometric pressure was not recorded in 1976. 


1976 WEATHER RECORD AT STUDY SITE (54°46' N115°5') 


Time 


0830 
1100 
1300 
1500 
1900 
2100 
0900 
1300 
1000 
1600 
2300 
1200 
2300 
1100 
0900 
2030 
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1600 
0630 
0900 
2000 
2200 
0800 
1600 
0600 
0900 
2000 
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APPENDIX 1 (Continued) 


Barometric Relative Precipitation Wind Speed 


Date Time Temp.~C Pressure* Humidity (ml. ) m/s 
June 14 0600 8 -- -- 0 0 
0830 18 -- 50 0 0 
2000 1S -- 59 0 2-4 
is) 0800 1] -- ri 0 fa 
16 0800 Te -- DZ 0 0.5-1 
1000 1] -- 54 0 2-4 
1200 iL Secs ~- 5] 0 3-5 
1400 14 -- 50 0 3-4 
1600 14 -- 48 ~ 2-4 
1800 15 -- 42 0 4-8 
2000 14 -- 48 0 3-5 
2230 8 -- 64 0 0 
17 0800 18 -- 51 0 ] 
19 0800 4 -- -- 0 4-5 
20 0830 8 -- iz 10 4-6 
2 | 0900 ie -- 68 G75 ] 
re C800 i -- 84 0.89 0 
1000 38 -- 82 Gals 0 
1400 ey -- 74 OAS 1-5 
1800 : -- 78 0 0 
2000 8 -- 88 G.05 0 
24 0800 7 -- 83 Teg 0-5 
1000 8 -- 77 0.02 5-7 
1600 10 -- fe G5 02 4-7 
25 0800 1] -- 76 Ge25 2-3 
7530 i -- Ma 0.56 1-5 
1800 vs -- 66 0225 $ 
2000 1] -- hs Ors 0 
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APPENDIX 1 (Continued) 


Barometric Relative Precipitation Wind Speed 


Date Time Temp.-C Pressure* Humidity (m1) m/s 
June 26 0800 8 -- 86 O706 3 
1600 9 -- 88 iees2 5 
ra) 0700 8 -- 86 Os 51 0 
0900 14 -- 78 0 3 
1700 15 -- 66 0230 2 
2000 ie -- 74 OReliz -- 
28 0900 16 -- 74 Oo a= 
1600 21 -- 48 0 5 
1900 20 -- 52 0 2-3 
29 0900 i -- 60 0 1-3 
1700 oe -- op) 0 3-5 
30 1200 20 -- 60 0 1-2 
] 400 20 -- 59 0 -- 
1600 20 -- 62 0 ] 
1900 20 -- 70 Gag -- 
2000 18 -- 74 0 ah 
nuMgyaee e0s00 «20 on 70. 2.29 oe 
2 1100 ie -- 60 6.81 2-3 
1700 20 -- a4 0 ree, 
230 ic -- 59 0 -- 
3 1000 16 -- 46 8) 1-5 
4 1100 21 -- 46 0 4-8 
1600 2 | -- 45 0 2-5 
1730 19 -- 50 0 1-6 
2000 17 -- =) 0 1-5 
5 0900 16 -- 56 0 4-9 
1600 a -- 49 0 -- 
6 0900 20 -- 54 0 1-5 
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APPENDIX 1 (Continued) 


Barometric Relative Precipitation Wind Speed 


Date Time Temp.°C Pressure* Humidity (m1. ) m/s 
July 6 Q900 20 -- 54 0 1-5 
2000 2] -- 50 0 1-3 
7 0906 Iz -- 80 Qake 0 
1200 Le -- 56 0 ] 
1600 cay -- 48 0 3 
2000 20 -- 70 0 0 
8 0800 18 -- 50 CR 2 
1600 20 -- 62 0.08 Ox5 
1800 19 o- eZ 0.38 0 
9 0800 18 -- 60 ag ss 3-5 
1600 18 -- 6] 0 0 
1800 16 -- 70 0 4-5 
2000 14 -- -- 0 3-4 
10 0800 10 -- 80 1.14 0 
1600 20 -- 50 e133 | 
1800 18 -- 60 0 OE5 
11 0800 16 -- 70 0 0 
00 Ze -- 70 0 4-5 
2000 tz -- Le 0.25 | 
12 0800 10 -- 80 0.20 3 
1000 1S -- 74 0 1-2 
Te eosu EZ, -- 70 0 1-4 
Loot) LZ -- 67 0 4.7 
2000 deg -- 76 0 2 
14 0800 10 -- 82 ie 0 
1200 ie -- 80 0.30 a 
1800 16 -- -- 0.05 3-5 
15 0830 ity -- 7 0 2 
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APPENDIX 1 (Continued) 


Date 
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Time Temp.°C Pressure* 


0900 
2100 
1000 
1700 
0800 
0800 
1600 
2000 
0800 
1200 
1600 
0800 
1000 
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0800 
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0800 
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0900 
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0800 
1200 
1600 
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APPENDIX 1 (Continued) 


Barometric Relative Precipitation Wind Speed 


Date Time Temp. C Pressure* Humidity (ml. ) m/s 
July 28 2000 10 -- 80 0705 ] 
29 0800 1] -- 84 0.56 3 
1700 16 -- 60 P02 2-3 
2000 14 -- 70 0 0 
30 0900 T3 -- 78 0 ] 
1700 iS -- 15 a. 02 ] 
2000 14 -- 76 0 0 
3] 0800 T2 -- 83 1.69 1-5 
1600 i -- 78 0225 4-5 
Aug ] 1000 14 -- 80 O25 }=2.5 
1700 18 -- 70 0 ] 
2 9900 18 -- 67 0 ]-2 
3 1300 18 -- 74 0 0 
4 0800 16 -- 80 Oats 0 
1200 19 -- 64 0 0 
1600 ae -- 60 0 2 
2000 20 -- 63 0 0 
5 08090 14 -- 69 0 0 
6 0800 20 -- 62 0 0 
1600 23 -- 48 0 1 
7 0800 14 -- 80 0 0 
1600 22 -- 64 Gee 0 
2000 18 -- 65 0 On5 
8 0800 14 -- 82 Ge25 0 
1600 20 -- 70 0.18 ] 
2000 17 -- 74 0 0 
9 Q8CO 14 -- 33 0.46 0 
1600 18 -- 74 5.02 0 
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APPENDIX 1 (Continued) 


Barometric Relative Precipitation Wind Speed 


Date Time Temp.°C Pressure* Humidity (m1. ) m/s 
Aug 9 2000 nS ~- 78 a5 0 

10 0800 14 -- 80 35 4- 5 
1600 20 -- 56 0 2 

11 0800 20 -- 60 0 0 
1200 21 -- 58 0 0 
1600 24 -- 48 0 0 
2000 20 -- 69 C705 0 

TZ) -GsSo0 16 -- 78 0 ]- 3 
1000 i -- ifs 0.20 ]- 3 
1600 2] -- 61 0 bats 

13 9800 2 -- 81 0 0 
1500 22 -- 60 0 2- 4.5 

14 0800 14 -- 83 0 ] 
1300 fie -- 62 0 l- 2 
2000 2] -- 65 0 0 

15 0900 16 | -- 80 0 a 
1600 23 -- 58 0 1l- 2 

16 1000 18 -- 12 O53 anes) 
1600 20 -- 65 0 2 

17 09909 i -- 80 2229 2- 7 
1200 3 -- wy: 0 3- 7 
1700 12 -- 80 Ors 5-11 

18 0800 1 -- 75 Om 4- 5 
1200 ips -- 56 0 5- 8 
1600 19 -- ot 0 3- 4 
2000 14 -- 68 ) 0 

19 0800 14 -- 70 0 0 
1600 18 ~- 56 3.04 0 
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APPENDIX 1 (Continued) 


rn EEE IEEE EERE REREEREREEREEEERERRREEEERE ae 


; Barometric Relative Precipitation Wind Speed 


Date Time Temp.~C Pressure Humidity (ml. ) m/s 
Aug 19 2000 10 -- 80 0.81 0 
20 0800 13 -- 78 Or] 3 ] 

1600 if -- 56 0 5-8 

2000 12 -- 63 0 ee 

21 0800 iB -- 60 0 1-2 

1700 18 -- 43 0 jhe 
22 0800 Le -- 76 0 0 

1600 20 -- 50 0 1-2 
23 0800 10 -- 82 wacG 0 
1600 19 -- 70 O0s05 0 
24 0800 10 -- 85 0.51 0 
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APPENDIX 2 
1977 WEATHER RECORD AT STUDY SITE (54°46' N115°5') 


Barometric Relative Precipitation Wind Speed 


Date Time Temp.~C Pressure Humidity Til) m/s 
May 13 1030 pono 747 5] 0 0 
1600 19 744 40 0) Q 
2000 ie -- -- 0 0 
14 0830 1] 747 56 0 ayte) 
1600 16 747 46 0 O75 
15 0845 Spas 749 70 ¢) Ono 
1700 We 749 54 0 0.5-7 
16 0830 2 750 84 3-4 Snow 0 
1600 4 Piso 80 0 0 
Le Cese - 75] 82 0 0 
18 0920 6 eal 80 0 0 
1020 10 155 74 0 0 
1600 10 756 74 0 0 
1800 ie 754 62 0 Oco 
2000 10 754 64 0 iva’ 
Loe, Oso 10 754 66 0 O75 
1730 16 749 483 0 5 
2030 bie) 749 Se 0 busts 
20 0830 ] 748 OZ 0 his 
1630 16 744 34 0 6.0 
21 0800 14 744 52 0 bags) 
1000 16 . 745 46 0 2.0 
1600 22 739 42 0 Uo 
1800 18 743 50 0 Sick 
22 0800 10 750 56 ) 4.0 
1600 16 743 44 0 0525 
23. 0830 15 746 68 0 OLS 
1600 20 740 52 0 2.0 
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APPENDIX 2 (Continued) 


Date 


May 


Jun 
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28 
3] 


Barometric 


Time Temp. C Pressure 


0830 
1000 
1600 
1800 
2000 
0800 
1200 
0800 
1600 
0800 
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1600 
1800 
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0800 
1830 
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APPENDIX 2 (Continued) 


Date 


June 
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12 


is 


1800 
2000 
0830 
1000 
1600 
1800 
2000 
0300 
1600 
0800 
1000 
1600 
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2030 
0800 


1600 
0800 


1600 

000 
1000 
1600 
1800 
2000 
0800 
1600 
0800 
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Barometric Relative Precipitation 
Time Temp. C Pressure 
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APPENDIX 2 (Continued) 


Date 


June 14 


1 


gz 


18 


19 
20 


2] 


Time Temp. 
1000 iz 
1600 18 
1800 iy 
2000 14 
0830 10 
1630 20 
0830 14 
1000 16 
1600 20 
1800 18 
0800 13 
1000 16 
1600 Za 
1800 23 
2000 23 
0800 16 
1600 Le 
0830 1] 
0800 14 
100 20 
1600 ou 
1800 26 
2000 18 
0800 14 
1100 18 
1200 20 
1600 26 
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133 
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738 
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APPENDIX 2 (Continued) 


Barometric Relative Precipitation Wind Speed 

Date Time Temp.°C Pressure Humidity (m1. ) m/s 
June 2] 2000 ae 738 59 0 0 

22 0800 1] 743 63 0. 56 3-6 

1800 19 743 45 0 3-6 
23 0800 12 742 39 0 0 
1000 14 748 48 0 0 
1600 22 742 42 0: 0 
1800 ae 742 43 0 0 
2000 22 74) 4g 0 0 
24 0800 16 742 62 0 0 
1600 24 739 45 0 0 

25 0800 12 746 62 0.76 3-6 

1600 19 744 47 0 3-6 

26 0800 13 745 52 0 25 

1000 14 746 Be 0 2-5 

1600 2] 742 46 0 0 

1800 18 745 54 0 1-3 

2000 iy 745 54 0 G..5 

27 800 1] 749 70 0 D5 

1600 22 745 49 0 3-5 

28 0800 1] 15:1 80 0.02 3.0 

1600 19 744 60 OQ. b3 1-3 

29 0800 9 75 34 O. 36 3-5 
1600 16 Fiect 78 0.56 3 

2000 16 750 78 0 2-5 

30 0800 10 749 78 0.81 4-5 

1000 12 750 68 0 2-0 
1600 Fe 750 he 0.08 0 
1800 14 749 78 0.38 0 


sr nn nnn nnn ee ery St anynn nS RI Eng Sn REE 


129 


Ps ea i ae - ' 
‘< i ay 


ye *h mink one 


SNE) pa) Se 


vy yh 


. | 


—_ 
Fes 
aa 
” 


ee 
5% 


ai 7s 


_ 


' 
* 
a 
_ 


oo o_o 


- 


a 
-«“ 


I2eEeer eee 
or 
? Fe pe 
= ae 


Soceaoooscco oo ce 
ee3 


eat rf 60 #8) 
ett ss . 050) - at 
$0 fat 1 «©» O0B0 8s =, 
ene ea ef. Oot 
ats me . @ men 
52,0 44 fe ar 00 i . ; 
0 : af - _— Ae 7 
[6.0 Of ws . 4 


APPENDIX 2 (Continued) 


4 Barometric Relative Precipitation Wind Speed 


Date Time Temp.-C Pressure Humidity (m1. ) m/s 
June 30 2000 16 748 76 0.48 0 
July 1 0900 8 750 84 0. 56 0 
1600 20 738 58 0 0 
2 0900 9g 745 82 0.10 6-8 
1600 18 741 52 0 4-8 
1800 17 74] 54 0 3-5 
2000 15 745 58 0 5-3 
3 0800 8 746 80 O03 3-5 
1700 16 746 70 0 Oa5 
4 0800 10 747 74 0.02 0 
1000 12 747 70 0 0 
1600 ie 748 73 O233 0 
2000 16 747 74 upon 0 
5 0800 8 750 80 0.08 2-3 
1000 9 7 Bil 82 0.61 0 
1600 14 750 78 ocd iO 
6 0800 Bias 75] 86 63 2.0 
1600 14 75} 82 0734 2-4 
1800 13 754 80 0. 86 4.0 
2000 *2 756 80 0.89 1-3 
7 0800 10 757 78 roe O05 
1000 14 755 69 0 @.5-1.5 
2000 20 752 60 0 0 
8 0800 10 746 5S 0 1-2 
1600 oe 746 55 0 3-6 
9 0800 9 747 72 0 0) 
1600 13 748 74 0.76 0 


10 0800 12 750 80 0.76 0 


[= nn nnn nnn ee eeee rrr ene nn ene REE 


2\mr 


i] ee ihe fell 
LO ee ' Poe ini i 
? ; io | 4 7 ; : " "_ | i 
ae 


: 7 - 
: » + 5 T :c _ wy 
ee. alll pe (F : 2 

6 


Xs ] Wie} ; i wind bd ia 

= - ' d =f ‘ 7 7» Avs a 
, rm) ‘ , y 7 ; : 
Bh.0 ; iy ren bie 0 n © : 

. : 


nto Be 0 
0 9 
8-6 oF .9 


_ a » 1 
i ‘ : 
>, a hy Le ce a 
- fi 
} 


a 
- 
. - 
=, " 
— 
co we — 
_ 


4 


> 
= 
q 
= 


es? tee 


SESAASHASRSBBeS 
% 


& 


= 
SRESESS2 22 


Bk he 


= 
| ae 


APPENDIX 2 (Continued) 


Barometric Relative Precipitation Wind Speed 


Date Time Temp.°C Pressure Humidity (mls) m/s 
July 10 1000 14 748 72 0 1-3 
1600 21 746 66 202 0 
1800 20 746 65 0.02 0) 
2000 19 747 70 O02 0 
11 0800 thes 740 56 O05 0 
iz) -2z00 10 ihe 82 1.68 U9 
13 0800 8 744 58 0 0 
1200 18 748 59 0 2-5 
1600 22 744 sf 0 0 
1800 14 75] 76 W736 1.0 
2000 1s) 750 78 0 3-4 
14 0800 8 754 Ti 0 0 
1000 10 754 18 0) 0 
1600 18 750 64 0 0 
1800 18 (Soe. 65 0 0 
2000 16 ded. 70 0 0 
15 Q800 8 750 80 0.79 SEO 
7600 iS 747 Gy Ge 38 0 
16 08350 10 750 80 Ueac 0 
1000 14 750 1S 0 0 
1600 20 742 60 0 8 
1860 20 744 66 0 ag 
2000 ¥ 745 fags 0 0 
17 0800 10 746 Foie O51 ie 
1600 18 742 74 0 1-2.5 
18 0800 9 746 62 0.02 Fags 8) 
1000 10 746 66 0 0 
1600 i 744 50 0 0. 5-15 
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APPENDIX 2 (Continued) 


Barometric Relative Precipitation Wind Speed 


Date Time Temp.°C Pressure Humidity (ml. ) m/s 
July 18 2000 ibs 746 60 0 5-6 

19 Q800 8 745 70 0 1-2 
1500 16 749 68 0 1-3 
17006 16 750 67 0 2-4 
1800 18 749 64 0 ]-3 
2000 16 750 69 0 2-4 

21 0800 15 746 65 0 0 
1700 ez 743 62 0 0 

22 0800 14 746 47 0 0.5-2 
1000 diz 750 56 0 1-4 
2100 18 750 62 0 0 

23 0800 10 747 70 Tec 0 
1700 20 750 50 0 ON5=1'.5 
1800 20 (50 52 0 4-6 
2000 19 52 a5 0 1.5-4 

24 0800 10 750 56 0 0 
1600 24 749 54 0 O45=1.5 

25 {0300 12 (36 73 0 0 
1000 14 foe 66 0 ] 
1600 26 745 54 0 2-3 
1800 26 745 50 0 1-2 
2000 24 745 62 0 0 

26 0800 19 743 58 0 0-1] 
1600 27 74] 48 0 3-5 

27 0800 18 744 58 0 0.5 
1600 28 739 54 0 0 

28 0800 13 754 85 O71 0 
1000 15 (53 85 0 0-0.5 
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APPENDIX 2 (Continued) 


Barometric Relative Precipitation Wind Speed 


Date Time Temp.-C Pressure Humidity (m1. ) m/s 
July 28 600 17 751 82 0.08 0 
1800 16 754 82 0 Gens) 
2000 16 751 82 0 O25 
29 0900 10 75] 86 0 055-15 
1600 15 75 84 0.02 0 
30 0900 12 Toa 82 0.36 3 
1600 2 | 747 53 ~ 7-9 
31 0900 13 751 83 0.1 0. 5-3 
1000 16 750 76 9) 1-4 
1600 23 745 43 0 0.5-2 
2000 20 746 By 0 0.5 
Aug 1 Q900 Ne 750 65 0 2 
1600 2 | 748 56 0 5-6 
2 0800 16 749 59 0 0 
1600 25 745 tou 0 0.5-4 
1800 2a 746 5S 0 3-4 
2000 18 750 58 0 iO 
3 0800 13 754 80 9) 0 
1000 18 753 78 0 2-5 
1600 16 ees 78 Orbs 1-2 
1800 18 Fis)! 68 Oss 2-5 
2000 14 754 As Ge2l3 2 
4 0800 8 754 73 Bee Rs: 0 
1600 18 752 5 0 2-4 
5 0800 14 746 60 0 0 
1600 20 747 65 0 3-5 
6 1600 19 749 60 0.08 Ti 
1800 17 749 64 0 0 
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APPENDIX 2 (Continued) 


Barometric Relative Precipitation Wind Speed 


Date Time Temp.°C Pressure Humidity (m1. ) m/s 
Aug 6 2000 16 750 68 0 0 
7 0800 10 750 76 0 0 
1600 14 750 80 Delo 3-6 
8 0800 10 132 80 0 0 
9 Q800 6 H36 76 PeZe He 0 
1000 8 758 Fils) 0 120 
1600 16 195 si 0 3-6 
1800 VW 159 5c 0 3-5 
2000 iis 755 eV 0 0.5-1.0 
10 0800 5 754 66 0 0 
1600 22 747 46 0 0 
11 0800 I 753 80 0 5 
12 0800 9 754 13 0.05 0.5 
1000 iS 754 68 0 ORas 
1600 Lesh, They 50 0 He Bb 
1800 18 750 5] 0 eaD 
2000 ES Hays 62 0 Oe5 
13 0800 4 755 79 O 0 
1600 18 (eae 54 0 16) 
14 Q800 ) V3 6/ 0 0 
1600 19 750 60 O52 0 
1800 19 750 60 0 ORES) 
2000 re Foa4 57 0 0 
15 0800 9 756 8] 0 0 
1000 12 754 76 0 8) 
1600 20 749 54 0 2-4 
1800 14 754 15 0 10 
2000 16 752 Tas) 0 0 
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APPENDIX 2 (Continued) 


Barometric Relative Precipitation Wind Speed 


Date Time Temp. C Pressure Humidity fait.) m/s 
Aug 16 0800 4 pio 74 0.02 0 
1600 20 He | 64 ) 0. 5-1 
17 0800 ee 750 Tye 0 0 
1600 24 745 5/ 0 0.5-1 
18 Q800 12 Pe 78 1.24 9) 
1000 16 70 | 78 0 0 
1200 18 749 68 0 0 
1500 23 747 60 0 2-4 
1600 22 7428 64 0 0-1 
1800 oie 748 66 0 5 
2000 20 754 66 0 0 
19 0800 1] 756 80 0 0 
1600 22 750 69 0 0-] 
20 080d 14 753 30 0 P20 
1600 20 750 . 66 0 2-3 
21 0800 10 755 84 0.02 0-] 
1000 - fics 84 0.08 Ghee 
1600 ise iets: 62 0.18 0-2 
1800 14 754 62 0.18 | 
2000 13 756 64 0.12 0-1] 
22 0800 2 754 74 0.18 0 
23 1600 1] 754 83 OF15 0 
24 0800 9 744 85 mcs 0 
1000 VW 744 84 0.02 0 
1600 15 743 82 0.43 0 
1800 12 743 8] 0.48 ae 
2000 1] 744 82 Oso] 4-6 
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APPENDIX 5 


MEASUREMENTS OF MICROFILARIAL ONCHOCERCA CERVIPEDIS 


Microfilaria No. 


Total Length (um.) 


rar: 
294 
287 
107 
238 
See 
231 
2/0 
224 
294 


Max. Width (um. ) 
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APPENDIX 6 
LETTER TO HUNTERS REQUESTING MOOSE 


ATTENTION BIG GAME HUNTERS 


Your assistance and co-operation is requested in gathering 
information on a parasite found in moose and mule deer. The parasite, 
called the legworm, is harmless in that it cannot infect man. It is 
only found in moose and deer. It has absolutely no effect on the 
edibility of your game animal. 

The parasite lives under the skin (not in the meat) usually in 
the lower legs. Therefore, we require those portions of the legs below 
the hock. We'li need all 4 lower legs. The head and hide are also 
requested should you not want these parts (and should your kill be near 
your vehicle: ) 

We would prefer the materials as soon as possible after death 
of the host. Frozen specimens are fine and can be utilized. 

Animals taken from Big Game Zones 1, 3 and 5 are of particular 
importance, but animals from elsewhere are welcome. 

Should you want to donate portions of your game animal for this 
purpose, please contact David Pledger at 488-3398 or 432-4737. 

Sincerely, 


David Pledger, 
Graduate Student, 
Dept. of Entomology, 
University of Alberta 


Dr. Doug Craig, 
Associate Professor, 
Dept. of Entomology 


Dr. W.M. Samuel, 
Associate Professor, 
Dept. of Zoology 
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APPENDIX 7 


DISTRIBUTION OF ADULT 0. 


CERVIPED Tor TN =MOOSE 3 1975 


Total Number 


Hind Limb 


Fore Limb 


Infected Right 


Specimen 


of Adults 


Right Left 


Left 


Sex 


No. 


53 


ce 


ee 


s 
14 
1 


M 


19 
20 
ee 


Zo 


oe 


M 


ae 
24 
18 
Se 


IW 


a7 
38 
39 
40 
43 


10 


M 


10 
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16 
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36 
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62 
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APPENDIX 7 (Continued) 


Specimen Fore Limb Hind Limb Total Number 


No. Sex. infected @apignt + Lert. Pigntmmbenc. (yor het ts 
31 M ~ 0 0 0 0 

85 E - 0 0 0 0 

37 . + 2 2 0 0 

104 M + 13 5 4 4 26 
106 M rT 26 Ti 4 ] 42 
107 M - 0 0 0 0 

114 M - 0 9) 0 0 

Te M “3 8 - ~ 0 

116 M Ss 6 17 0 0 23 
118 M . 37 29 (A 11 88 
119 M + 6 5 ] 2 14 
A2U F : 38 oT 12 i 94 
12] ° + ie ies) 6 “i 34 
122 iP ~ 9) ) 0 0 0 


Total number sampled 45 
Total number males 40 


Total number females 5 


Number moose infected 29 (64.4%) 
Number males infected 26% 65.02) 
Number females infected 3 (60.0%) 
Prevalence 29 X 100% = 64.4% 
45 
Total number adults 593 


Total number in fore limb 475 (80.10%) 
Total number in hind limb 118 (19.9%) 
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APPENDIX 8 
ADULT ONCHOCERCA CERVIPEDIS DISTRIBUTION IN LIMBS OF MOOSE - 1975 


Area of Limb 


Moose Tibio-tarsal = Ee oS 8 Total No. 

No. Joint Tendon Bone Tendon Bone Aduits 
] 18 13 12 4 6 53 
5 0 0 3 0 0 3 
7 3 ] ] 0 0 5 
13 3 ] 0 0 0 4 
14 ] 0 0 0 0 ] 
Me) 0 2 0 3 0 5 
20 0 0 0 ] 0 ] 
Z5 4 3 0 0 0 7 
36 3 0 0 ) 0) 3 
oF 5 9 8 0 0 ce 
38 9 1] 3 ] 0 24 
39 10 4 4 0 0 18 
40 18 i 2 0 5 cy 
43 0 ] ] 0 0 Z 
44 0 10 6 0 0 16 
56 0 ] ] ] 0 3 
57 3 ] 0 0 ) 4 
65 ] 6 o 0 0 1] 
67 16 1 1] ] ] 44 
68 0 0 2 0 0 2 
87 2 ] ] 0 0 4 
104 ie 6 7 0 0 26 
106 17 7 18 0 0 42 
115 4 S| ] 0 0 8 
116 9 > 7 0 2 23 
118 22 21 40 3 2 88 
119 0 2 12 0 0 14 
120 43 1] 35 ] 4 94 
12] 19 7 7 0 ] 34 
Total N=29 223 148 186 15 2] 593 


% of Total 37.6 25.0 31.4 2n0 35 100 
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APPENDIX 9 


AGE AND DATE OF KILL OF HUNTER-KILLED MALE MOOSE EXAMINED FOR 


QNCHOCERCA CERVIPEDIS MICROFILARIAE FROM SWAN HILLS IN 1975 


Date Killed 


[sins 
20-1X-75 
20-1X-75 
25e(275 
26-1X-75 
iene 
26-1X-75 
P7715 
27-1X-75 
28-1X-75 
28-1X-75 
(a Ses 
4. X-75 
4- X-75 
eeK-75 
so ers 
5- X-75 
5- X-75 
Gey) 
Ne were 
(oa ere 


*No age available. 


v examined for microfilariae but negative. 


] 


Age (years) 


“ace 
SO 
14.5 
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3.9 
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